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AB STRACT 
A mod i f ied Green-Ampt inf i l t r at i on mode l was used 
to det e rmine s o i l  hydr au l ic conduct i v ity v al ues  f r om su rface 
runoff and spr ink l e r app l ication data sets. Compa r ison of 
th r e e  s p r i n k l e r s  and tw o s e c o n d a r y  t i l l a g e  p r ac t i c e s  o v e r  
th r ee i r r igat ion seasons were made to i dent i fy the ef f ec t  of 
thes e facto r s  on hyd r au l ic conduc tiv i ty. 
Hyd r au l ic  conducti v ity v al ue s w e r e  d i f f e r ent f o r  the 
l o w ,  med i um and hi g h  p r e s s u r e  s p r i n k l e r s  u s ed i n  t h e  s t u dy 
w i t h t h e  hy d r au l i c c o ndu c t i v i ty ·v a l u e s  v a ry i n g  i n v e r s e l y  
w i t h t h e  p r e s s u r e . Hy d r a u l i c c o n d u c t i v i t i e s  a l s o  v a r i e d  
am on g t h e  y ea r s  o f  t h e  s t udy.  A r i pp i n g . ( s ub s o i l  i n g ) 
s econdary t i l l age pr ac ti c e  inc r eased hyd r au l ic conduc t i v i ty 
by t h e  6 6  pe r c e n t  w he n  c ompa r ed w i t h a c o n t r o l  p r ac t i c e .  
Hy d r a u l i c c o n d u c t i v i t i e s  g e n e r a l l y  d e c r e a s ed d u r i n g  t h e  
i r r i g a t i o n s e a s o n. A c a l i b r a t e d  i nf i l t r at i on mod e l  w a s 
used to predicted the s u rfac e  runof f v al ue s  fo r i r r i gat ion 
appl icat i on depths not used in the data sets . 
INTRODUCTION 
A n  u n d e r s t a n d i n g  o f  t h e  f a c t o r s  a f f e c t i n g  
i n f i l t r a t i o n  o f  wat e r i nt o  t h e  so i l  i s  an i nt e g r a l pa r t  of 
t he p e r f o r m an c e  e v a l u a t i o n  o f  i r r i g a t i o n s y s t em s .  T h e  
i n f i l t r a t i o n  p r o c e s s  i s  c o n t r o l l e d by m a n y  pa r amet e r s  
i n c l u d i n g  t he p hy s i c a l  c on d i t i o n  o f  t he s o i l  an d t he 
c h a r ac t e r i s t i c s  o f  t h e  a pp l i c a t i o n  w at e r .  I n s u f f i c i en t  
i nf i l t rat ion i s  often a prob l em under  spr ink l e r i r r i ga t ion. 
S p r i n k l e r i r r i g a t i o n sy s t ems o pe r a t e  u n d e r a w i d e  
r an g e  o f  p r e s s u r e  h e a d s .  
s p r i n k l e r s  o p e r a t e  b e tw e e n  
B y  d e £  i n i t i o n ,  1 o w  pr e s s u r e  
3 5  and 1 0 4  k P a  ( 5 - 1 5 ps i ) , 
medium pres s u r e  spr ink l er s  ope rate between 1 0 4  and 2 0 8  kPa 
( 1 5 - 3 0 ps i )  and h i g b  p r e s s u r e  s p r i n k l e r s  o p e r a t e  b e tw e e n 
3 4 4  and 6 93 k Pa (5 0 - 1 0 0  p s i )  ( S o i l  C o n s e r v a t i o n  S e r v i c e ,  
1 97 4 ) . App l i c a t i o n  r a t e s  of _l ow p r e s s u r e  s p r i n k l e r s  o n  
mov ing i r r i gat ion machine s ar e hi gher than the appl icat ion 
rates  of high pr es su r e  spr i nk l e r s  becaus e  a g i v en amount of 
water mu st b e  appl ied ov er  a smal l e r wetted ar ea. S u r f ace 
runo f f  c a n  b e  a p r ob l em w i t h l ow p r e s s u r e  s p r i n k l e r s  
because the app l ication r ate s of ten exceed the inf i l trat ion 
rates of so i l s. In add i t ion,  l ow pressu r e  spr ink l e r s  t end 
t o  p r o d u c e  l a r g e r  w a t e r  d r o p l e t s  t h a n  h i g h  p r e s s u r e  
spr i n k l e r s  ( K o h l and  D e B oe r ,  1 98 4 ). Th e h i g h e r k i n e t i c  
e n e r gy o f  t h e  l a r g e r  wa t e r  d r o p l e t s  w i l l a g g r av a t e  s o i l  
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s u r f a c e  s e a l i n g  p r ob l ems . A s  a r e s u l t  o f  s o i l  s u r f a c e  
sea l ing , wat e r  i nf i l t r at i on r ates wi l l  dec r ease  and c ause 
inc reased s u rf ac e  runoff ( Eps tein  and G r ant , 1 96 7 ) . 
Ti l l age p r ac t ices  i nf l uence the phy s i c a l  cond i t ion 
and t h e  i nf i l t r a t i o n c apac i ty of  s o i l .  P r i m a r y  t i l l a g e  
p r ac t i c e s  c a u s e  a d e c r e a s e  i n  t h e  b u l k  d e n s i ty o f  a s o i l  an d 
an i n c r e a s e i n  s u r f a c e  r o u g hn e s s .  T he c h an g e s  i n  b u l k 
d e n s i ty and s u r f ac e  r o u g hne s s  r e s u l t  i n  d e c r e a s e d  s u r f ac e  
r u no f f  b e c a u s e  i n f i l t r a t i o n  i s  i n v e r s e l y r e l a t e d t o  b u l k 
d e n s i ty and  s u r f ac e  s t o r ag e  c a n  of f s e t  l ow i n f i l t r a t i o n  
capac ity b y  extend ing t h e  oppo rtun i ty t ime f o r  i nf i l t r a t ion 
( Coope r ,  1 97 1  ) • T i l l ag e  manag ement p r ac t i c e s  c a n b e  u s e d 
to compen sate f o r  the inc r eased runoff po ten t i al as soc i ated 
with l ow pr es s u r e  spr ink l e r s. 
S o u t h D a k o t a  S t a t e  U n i v e r s i ty r e s e a r c h  pe r s o n n e l  
c o n d u c t e d a t h r e e - y e a r f i e l d s t u d y u s i n g  s p r i n k l e r 
i r r igation nea r Gettysbu r g ,  So Qth Dakota,  whi c h  was de s i gned 
to ev al uate the ef f ect of pos t- eme rgence t i l l age pr ac tices 
and spr ink l e r type s on  su r f ac e  runoff.  The s i l t  l oam so i l ,  
r e c e n t l y c o n v e r t e d  f r om r a n g e  l an d  t o  a c o n t i n u o u s  c o r n  
c r o pp i n g  sy s t em ,  h a d  a t e n d e n c y  t o  d e v e l o p a s u r f ac e  c r u s t  
under  row c rop cond i t i on s. Ti l l age prac tices  wer e de s i gned 
to minimi z e  the c rust ing prob l em. Wate r b a l ance pa ramet e r s  
ob se rv ed du r ing the study inc l uded i r r i gation appl icat ion 
depths and d i st r ibut ion patterns  and s u r f ac e  r unof f depths . 
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The r e s u l t s  of th e f i el d study ar e on l y  app l icabl e 
f or t h e  s p e c i f i c  s oi l ,  t i l l a g e  a n d w a t e r  m a n a g e m e n t  
prac t ices  used i n  the study. - I t  wou l d  b e  de si r ab l e  t o  hav e 
a met h o d ol ogy w he r e  t h e r e s u l t s c ou l d  b e  t r a n s l a t e d  t o  
c on d i t i on s  t h a t  w e r e not u s e d i n  t h e  i n v e s t i g a t i o n • An 
i nf i l trat i on mode l ,  cal ibrated with meas u r ed f i e l d  dat a ,  can 
b e  u s e d  t o  a s s e s s  t h e impa c t  of ot h e r  t i l l a g e  and  wa t e r  
man a g em e n t  p r ac t i c e s  on s u r f ac e  r un of f  pot e n t i a l at  t h e  
Gettysb urg  s i t e. 
T h e  G r e e n  a n d  Amp t m od e l  ( 1 91 1 )  i s  a s i m p l e 
inf i l t ration equat ion ,  bas ed on physical  cha r ac t e r i s t i c s  of 
the so i l , that has been acc epted by many resea r c h e r s  (Chu , 
1 97 8 ;  M e i n  an d L a r s on ;  1 9 7 3 ;  and S l ac k ,  1 98 1 )  • T h e  t h r e e 
pa r am e t e r s  i n  t h e  G r e e n  a nd Ampt i n f i l t r a t i on mod e l a r e  
effec t i v e hydr au l ic conduc tiv ity, s oi l · tens.ion and mat r ic 
pot e nt i a l .  M e i n  and  L a r s o n  ( 1 97 3 ) d e v e l op e d  a m od i f i e d 
G r e e n  and  Amp t eq u a t i on w h i c h --imp r ov e d i t 's ap p l i c ab i l i ty 
f or u s e  u n d e r s p r i n k l e r i r r i g a t i on c ond i t i on s .  T h e  M e i n­
Larson mod if ied equation was used as the bas i s  f or ana l ys i s  
i n  this study. 
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OB JECT IVES 
The ob j ect i v es o f  the st udy wer e :  
1 )  T o  app ly the G r een-Ampt- Mein-L ar son inf i l t r ation mod e l  to 
r e p r e s en t  t h e  s o i l  i n f i l t r at i o n  p r oc e s s  u n d e r mo v i ng 
spr ink l e r i r r igat ion machines.  
2 )  To d e v e l op a m e t h odo l og y  t o  de t e r m i n e  n u m e r i c a l  v a l u e s 
f o r t h e p a r a m e t e r s o f  t h e  G r e e n - A m p t - M e i n - L a r s o n  
i nf i l t r a t i o n mo d e l w he n  s u r f a c e  r un o f f an d s p r i n k l e r 
appl ication data ar e av ai l ab l e  for  analys i s. 
3 )  To study th e eff ec t  of sp r ink l er type , t i l l ag e  p r ac t ice,  
and time ( dur ing a s eason and among seasons ) on G r ee n-Ampt 
so i l  inf i l t r at ion par amete r s. 
L ITERATURE REVIEW 
In fi ltration Mo de l.§. 
I n f i l t r a t i o n  i n  i t s  mo s t  n a r r ow and p r e c i s e  s e n s e  
c an b e  d e f i n e d  a s  " t h e  p r oc e s s  o f  w a t e r e nt e r i n g  i n t o  a 
s o i l t h r o u g h t h e  s o i l  s u r f a c e  " { M o o r e  e t  a l .  1 98 0 ) .  
S ev e r a l  inf i l t ration mode l s hav e been dev e l oped and mod i f i ed 
by r e s e a r c h e r s  o v e r  t h e  y e a r s .  T h i s pa r t  of t h e  l i t e r a t u r e  
r e v i ew w i l l p r e s e n t  s o m e  o f  t h e  m o r e  w i d e l y u s e d 
inf i l t r at i on mode l s. 
Ri char ds  { 1 93 1 )  de r i v ed the non- l inear f l ow equat i on 
for  one d imens ional v er t i c a l  f l ow in homogeneous s o i l  as : 
where  
and 











time {T ) , 
mo i s t ur e  content , 
d i stance bel ow the surfac e  of the s o i l  ( L ) , 
capil l a ry s uc tion ( L ) , 
uns atur ated hydraul ic conduct iv i ty { L/T ) . 
( 1 ) 
Ther e i s  no gene r a l  method f o r  de r iv ing the exact  sol u t ion 
of the Richards equat i on. 
Ph i l l ip { 1 957 ) presented an inf i l t r at ion eq uati on to 
desc ribe wat e r  f l ow through homogeneou s soi l with a un i f orm 
init i al mo i s t ur e  c ontent for  the ponded s u r f ace cond i t ion. 
The equat ion may be w r i tten as 
f { t )  = S*tl/ 2 + K * t  ( 2 ) 
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whe r e  
f = inf il t r at i on r ate as a f unct ion of time , t ( L/T) , 
S = sorpt i v i ty (ab i l i ty of the s o i l t o  tran sm i t  
wate r ) ( L/ T )  , 
and K = hydrau l ic c o n d u c t i v i t y ( L/ T ) . 
T h e  m e t h o d  u s e d t o  f i nd S and K v a l u e s  f o r  t h e  P h i l l i p 
equation i s  v e ry comp l ex. 
K o s t i a k o v  ( 1 93 2 ) i n t r o d u c e d  o n e  of t h e  s i mp l e s t  
inf i l t ration equa t ions : 
f = K *t-n 
whe r e  
f = inf i l t r at i on r ate ( L/T ) , 
t = t ime af t e r  i nf i l t r at ion starts ( T) , 
and K and n a r e  empi r i cal constant s . 
( 3 )  
K and n hav e no phy s i c a l  i dentity and mus t  be ev al uated f r om 
expe r iment a l  data. 
Th e g e n e r a l o b j e c t i v e  i n  i n f i l t r a t i o n  m o d e l 
dev e l opmen t has been to use  s impl ified  concept s wh ich  al l ow 
t h e  i n f i l t r at i o n  r a t e  t o  b e  p r e s e n t e d  i n  t e rm s  o f  t i m e  and  
_phy s i c a l  pa r ame t e r s . G r e e n  and Ampt ( 1 91 1 )  i n t r o d u c e d  an  
i nf i l t r ation equat ion,  based upon phys ical pa r amet e r s ,  for a 
ponded s u rface cond i t ion i n  which  th e water appl i c a t ion rat e  
i s  h i g h e r  t h a n  i nf i l t r a t i o n  c a pac i ty r a t e .  Th e G r e e n  and 
Ampt inf i l tration rate equat ion can be pres ent ed as : 
f = K ( 1 + SM I F ) ( 4 ) 









inf i l t r at i on r ate ( LIT ) , 
hydr aul i c  c ondu c t iv i ty of the wetted z one ( LIT ) , 
accumu l ated inf il t r ati on depth ( L ) , 
product of the soil mo i stu r e  content d i f f erenc e , 
b ef o r e  and af ter wetting , and the av e r ag e  matr i c 
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potent i al d if f e r enc e ,  befor e and afte r wetting ( L ) . 
T h e  d e p t h  o f  i n f i l t r at i o n u n d e r a po nde d s u r f ac e  c a n b e  
f o u n d  by i n t e g r a t i n g eq u a t i o n  ( 4 ) w i t h r e s pe c t  t o  t im e , t ,  
f r om F = O t o  F ,  a n d  f r om t= O t o  t .  
wher e 
F I SM - L N( 1 + F I SM ) = K * t I SM ( 5 )  
L N  = natu r al logar i thm ope r ator , 
and t = time ( T )  • 
M e i n  a n d  L a r s o n  ( 1 97 3 ) e x t e n d e d  t h e  G r e e n  and Ampt 
mo d e l to s t u dy i n f i l t r at i o n unde r a c o n s t an t r a i n  on a 
ho mog en e o u s  s o i l  w i t h a un i f o rm i n i t i a l mo i s t u r e c o n t e n t .  
Th e i r eq u at i o n w h i c h  p r e d i c t s  i n f i l t r a t i o n  d ep t h  p r i o r  t o  














F o  = Sav ( M )  I (IlK) - 1 )  
F o  = I * tp , 
tp = K * S av ( M )  I I (I - K). 
the i ni t i al abst r ac t ion at ponding t i me (L) , 
appl i c a t ion inten s ity ( LIT ) , 
( 6 )  
( 7 )  
ponding t ime or time to sur f ace satu r at i on ( T )  , 
ave r age capi l l ary suct ion at the wet ting f ront , 
in i t i al moi stur e def ic i t  ( L ) . 
M e i n  an d L ar s o n  ( 1 97 1 )  d ev e l o p e d  a mo d i f i e d  G r e e n  and  Ampt 
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equat i o n  t o  p r e d i c t  i n f i l t r a t i o n af t e r  s u r f a c e  r un o f f  
starts. The mod i f ied equation i s :  
K { t - t p  + t s )  = F - Sav { M ) * LN { l  + F/ S av { M ) ) { 8 )  
whe r e  
t s  = ini t i al abst r action t ime, t h e  time f rom pond ing 
t ime t o  the z er o  of the inf i l t r at ion c apac ity 
cu r v e ,  t , see F i gu r e  3 and equat i on { 42 ) , {T ) . 
To a pp l y  equ a t i on { 8 ) , i t  i s  n e c e s s a r y t o  h av e n u m e r i c a l  
v a l ue s  f o r  t h e  s o i l  p a r am e t e r s  i n v o l v ed i n  t h e  eq u a t i o n. 
Mein and Lar son { 1 97 1 ) propo sed that the av erage cap i l l ary 
suc t i on at the w et ting f ront , Sav , can be obtained by : 
whe r e  
J
l . O 
Sav = S * dK r 
0 . 0 1 
Sav = av e r ag e  cap i l l a ry suct ion { L )  , 
S = capi l l a ry suc tion { L ) , 
and Kr = rel ative hydraulic conductiv ity { L/T ) . 
K r  i s  g iven by : 
wher e 
K r  = Kf s/K s 
Kf s = max imum hydrau l ic conductiv ity at f i e l d  
saturation ( L/T ) , 
and Ks = satu r ated hyd raul ic conduct iv ity { L/T ) . 
( 9 }  
{ 1 0 )  
·S t u d i e s  d o n e  b y  B o uw e r  ( 1 9 6 6 , 1 9 6 9 )  and M o r e l ­
S e y to u x  and K h an j  i ( 1 97 4 )  i n d i c a t e  tha t t h e  hyd r a u l  i .e 
c o n d u c t i v i ty i n v o l v e d i n  e q u a t i o n  ( 8 )  s h o u l d b e  t h e  
hydr au l ic conduct i v ity at f i e l d satur at ion,  Kf s ,  rathe r than 
satur ated hydraul ic conduc t iv i ty ,  K s ,  b�cau s e  of ent r apment 
o f  a i r  i n  t h e  s o i l  po r e s d u r i ng t h e  i n f i l t r at i o n  p r o c e s s .  
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F o c u s i n g  o n  mo i s t u r e  c o n t e n t , C ampb e l l ( 1 9 7 4 )  p r e s e n t e d  
another method f o r  dete rmining r e l at i v e  co nduct i v ity , K r : 
whe re 
Kr  = (9f s/9s ) 2b+3 ( 1 1 )  
9 f s  = v o l umet r i c  wate r content a t  f i e l d  s a tu r at i on ,  
e s  = vol ume t r i c  water content at sat u ra t i o n , 
and b = sl ope of the l i ne on l og-log s cal e .  
The v o l ume t r i c  wate r  conten t at f i el d  satu r at ion, 8f s ,  c an be 
o b t a i n e d  by a s s u m i n g  t h a t  i t  v a r i e s  in t h e  r an g e  of 0 . 8 0  e s  
to 0 . 90 8s (We l l s  and Skag g s , 197 6 ) .  S l ac k  ( 1 9 8 1 )  ind i c ated 
· · t h a t , 9 f s ,  f o r  mo s t  s o i l s  c a n  be a s s um e d  to b e  0 . 9 0 9 s . 
Moor e  and L a r son ( 1 97 9 )  dev el oped the gene r a l  expr e s sion f o r  
f ind ing the a v er age wett ing f ront , Sav , wh ich i s :  
where 
Sav 
K r  ( 9 f s ) 
=
f 
{ S ( K r )  /K r ( 8fs ) 
K r  ( 8f s
) 
- K r ( 8 i ) } dK r 
Si = in i t i al vol umet r ic-mo i stur e  cont ent . 
( 1 2 )  
The bounda ry cond i t ion i n  thi s equation co r r esponds t o  the 
r el at i v e  hyd r au l ic conduc t i v ity, K r ,  as a f unct ion of  9 f s ,  
b e c a u s e  c o n d u c t i v i ty i n  t h e  w e t t e d  z o n e i s  l e s s  t h a n  
s a t u r a t e d  c o n d u c t i v i ty ,  K s .  Equ a t i o n ( 1 2 )  i s  a pp l i c a b l e 
when the wetting f r ont , S,  v ersus water cont ent,  9, cu rv e i s  
r e pr e s e n t e d  by a s t r a i g h t  l i ne on  l o g - l o g  p a p e r ( S l a c k , 
19 8 1 ) . The gene r al e xpres sion f o r  the l ine i s  : 
s = a * e -b ( 1 3 )  
wher e  
S = mat r i c  s uction ( L ) , 
b = the  abs ol ute sl ope , 
and a = val ue of s, when = 1 .  
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T h e  s t u d y  o f  i n f i l t r a t i o n  m o d e l s  c a n  b e  m o r e  
un d e r s t an d ab l e  a n d  l e s s  c omp l e x  when mo d e l  pa r ame t e r s  
r epr esent phy s ica l pr ope r t ies  of the soi l .  
Appl icat ion of  I nf i l trat ion Models 
K i n c a i d  e t  a l .  ( 1 9 6 9 )  s t u d i ed app l i c a t i o n  r a t e  and 
runoff unde r mov ing s p r i nk l e r i r r i gation mac hines wi t h  the 
a i d  of a mo d i f i e d K o s t i a k o v  eq u a t i o n. T h ey a s s um e d  an 
el l ipt i c a l  patt ern  to des c r i be th e appl ication rat e function 
for  spr ink l e r i r r i gation mac hines. They a l so a s s umed that 
an i nf i l t r a t i o n  r a t e  at any t ime depe n d s  o n  t h e  amo u n t  of 
wate r inf i l t r ated up t o  the time r unof f  occ u r s (Coo k , 1 9 4 6 ) . 
The mod if i ed i nf i l t r at ion r ate can b e  r epr es ented : 
whe r e  
f m = f ( Dp/Da ) ( 1 4 ) 
and 
fm = mod i f ied i nf i l t r ation rate ( L/T ) , 
f = inf i l t rat ion rate f r om equa tion ( 3 ) ( L/T ) . 
Dp = f:K ( t ) -n dt ( 1 5 )  
and Da = f>R dt ( 16 )  
whe re 
Dp = ar ea under the i nf i l t rat ion rate 
v e rsus t ime cu r v e  (L) , 
Da = ar ea und e r  the appl ica t ion rate 
v e r s u s  t ime c u rv e  ( L ) , 
and AR = appl icat i on r at e  f unct ion. 
1 1  
When th e app l icat ion  r at e  exceeds th e inf il trat ion r a t e ,  o r  
wh e n  AR > f ,  e q u a t i o n  ( 3 )  c a n  b e  re p r ese n t e d  by : 
f m = K ( t - Dt ) -n ( 1 7 )  
wh e r e, Dt , i s  t h e  amo u n t  o f  t i me .bY which the in f i l t r a t i o n 
f unc t i o n ,  f , mu s t  b e  d e l ay e d  s o  t h a t  it wil l pa s s  t h r o u g h  
th e applicat i on r ate cu r v e  a t  fm, ( F i gur e 1 ) . 
E-4 ' ...:I 
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I nf i l t r a t ion r ate 
Time (T) 
Appl icati on r ate II 
Fig u re 1. Comparison o f  infiltration functi on, f, 
and modified infiltration function, f
rn
. 
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At ponding t ime 
f = fm 
the r efo r e ,  J:AR dt = 
I> 
( t  - Dt ) dt ( 1 8 )  
G i l l ey ( 1 9 8 4 )  al so used the K i ncaid  mod i f ica t i on of 
t he K o s t i a k o v  i n f i l t r at i o n  eq u a t i o n  f o r  d e s c r i b i n g  t h e  
i n f i l t r a t i o n p r o c e s s  u n d e r a c e n t e r p i v o t i r r i g a t i o n  
machine. The empi r i c al constant s ,  K and n ,  i nv o l v ed i n  the 
Ko s t i ako v equat i on wer e de r i v ed f r om a l east squa r e s f i t of 
the So i l  Cons e rv ation Serv ice ( 1 96 0 )  data f o r  s ev e r al s o i l  
i n t a k e  f am i l i e s  c u r v e s .  G i l l ey i n t r o du c e d  a n ew t i me 
v ar i ab l e  i n  th e inf i l trat ion model , time of  saturat ion,  ts .  
At 
wher e  
and 
t = ts , 
fm ( t s )  = AR ( t s )  
fm = mod i f i ed i nf i l t r at i on rate ( L/T ) , 
AR = appl i ca t ion r ate ( L/T ) . 
( 1 9 )  
T h e  pa r ame t e r ,  t s ,  c a n  b e  f o und by comb i n i ng e q u a t i o n s  ( 3 )  
and ( 1 9 )  a n d  u s i n g  a t r i a l and e r r o r  m e t h o d  t o  f i n d  a 
sol ut i on . 
U s i n g  t h e  e q ua t i o n  de v e l oped by M e i n  a nd L a r so n  
( 1 9 7 3 ) , S l ac k  ( 1 9 7 7  , 1 9 8 1 )  a l s o  s t u d i ed t h e  i nf i l t r a t i o n  
p r oc e s s  u n d e r mo v i ng s p r i n k l e r mac h i n e s . H i s  s t u dy ,  a l s o 
based on phy s i c a l cha r acte r i stic s of the so i l ,  e stab l i shed a 
method to e st imate the so i l  pa ramete r s  inv o l ved in equa t i on s  
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( 6 ) and ( 8 ) . T h e  s t e p s  f o l l owed by S l a c k  ( 1 9 8 1 )  t o  f i n d  f ,  
F o ,  K r ,  M ,  S a v , t p ,  t s ,  a n d t f o r  a s t e a d y r a i n f a l l 
condi ti on wer e : 
1 )  D e t e r m i ne mo i s t u r e  d e f i c i t w he r e  
M = 9f s - 8i 
whe r e  
8 i  = ini t i al moi s tu r e  cont ent 
9f s  = mo i st u r e  conten t at  f i el d  satu r at ion 
2 )  U s e  e q ua t i o n ( 6 ) to de t e rm i n e  c u mu l at i v e  i nf i l t r a t i o n  
, F o  , a t  pen d i n g t im e .  
Fo  = Sav { M )  I { I/K f s  -1 ) 
3 )  Kf s i s  obtained by app l y ing equat ions { 1 0 )  and ( 1 1 ) • 
At pond ing t ime when t = tp , 
Fo  = + * tp 
and tp = Fo I I .  
{ 2 0 )  
( 2 1 )  
4 )  Use equat i on ( 8 )  t o  dete rmine - time v ar i ab l e s ,  t and t s. 
5 )  F ind potent i a l  inf i l tration rate at a pa r tic u l ar t ime , t ,  
us ing equat i o n  ( 4 ) . 
Thi s method i s  app l icab l e  o n l y  du r ing the time when sur fac e  
runof f occ u r s. 
M a ny i n f i lt r a t i o n  mod e l s hav e b e e n  i n t r o d uc ed b y  
r esear che r s. Gene r a l l y ,  inf i l tration model s a r e  phy s i c a l l y  
o r  t h e o r e t i c a l l y  b a s e d a n d  h av e  b a s i c  o r  e m p i r i c a l  
equat ions. I nf i l trat ion model s can be mo r e  appl icab l e, if 
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t h e  pa r ame t e r s  i n v o l v e d i n  eq u a t i o n  h a v e  p hy s i c a l , y e t  
sirnpl e meanings. 
Reduced Pressure Sprinkler Irrigation 
Many stud i e s  and inv estigations h av e  been conducted 
w he r e  s u r f ac e  r un o f f  h a s  b e en u s e d  a s  an i nd e x  o f  t h e 
inf i l trat ion proces s dur ing spr ink l e r i r r i gat ion.  S tu dy of 
su rface r unof f can l ead to  an ind i r ec t  unde r standing of the 
i n f i l t r a t i o n p r o c e s s .  T h i s pa r t  of the l i t e r a t u r e  r e v i ew 
add r es s  inv e st i gati ons which hav e-been conducted to  study 
the f i e l d pe rfo rmance of r educed pr essur e spr ink l e rs.  
T h e  S o i l  C o n s e r v a t i o n  S e r v i c e  ( 1 9 7 4 b ) c l a s s i f i e d 
sprink l er s  acco rd ing to  operating pr essu r e. L ow pr e s s u r e  
spr ink l e r s  ope r ate between 3 4  and 1 0 4  k P a  ( 5-1 5 ps i ) , med i um 
pre ssur e s p r i nk l e r s  be tween 1 0 4  and 208  k Pa ( 1 5-3 0 ps i )  and 
h i g h p r e s s u r e  s p r i n k l e r s  b e tw e en 3 4 6  and 6 9 4  k P a  ( 5 0 - 1 0 0  
ps i) . L ow and med i um pr essur e spr ink l e r s  ar e con s i de r ed as 
r educed p r e s su r e  spr ink l e r s  in this pa r t  of the l i t e r atur e 
r ev i ew .  
Ad d i nk  ( 1 9 7 5 ) c ompa r ed r un o f f un d e r h i g h p r e s s u r e 
impa c t  and  m e d i um p r e s s u r e  s p r ay no z z l e  s p r i n k l e r s  o n  a 
c e nt e r  pi v o t i r r i g a t i o n  sy s t em w h i ch w a s u s e d  o n  a v e ry 
f i n e  san dy l o am s o i l  w i t h a one  pe r c ent  s l o p e . E a c h  p l o t  
w a s  s i x  c o r n r ow s  w i de a n d  1 5 . 3  m ( 5 0 f t )  l o n g .  T h e  me d i um 
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pr es s u r e and h i g h  press ur e spr ink l e r s  we r e  ope r ated at  2 43 
and 4 5 0  k P a  ( 3 5  and 6 5  ps i ) , r e s pe c t i v e l y . M o r e  r un o f f  
occ ur red unde r the spray no z zl e spr i nk l er s  than the unde r 
high pr es su r e spr in k l e r s  w i th seasona l runof f v a l ue s  of 3 4  
a n d  5 pe r c e n t  f o r t h e  s p r ay n o z z l e a n d h i g h  p r e s s u r e  
spr ink l e r  p l ot s ,  respect i v e l y. 
DeBoe r  and Beck ( 1 9 83 ) ev al uated the pe r f o rmanc e of 
r e d u c e d  pr e s s u r e  s p r i nk l e r s  on a l i n e a r  mo v e  i r r i g a t i o n 
mach ine. The co rn f ie l d  us ed in the s tudy conta i ned a L ow ry 
-- s i l t  l o am w i th 2 .0  to 4 . 0  pe rcent s l opes.  Spr ink l e r s  used 
i n  t h e  s t udy w e r e  h i g h p r e s s u r e  i mpa c t s a t  3 4 4 k P a  ( 5 0  
ps i ) , med i um p r e s s u r e  impa c t s a t  1 7  2 k P a  ( 2 5  p s i ) , l ow 
p r e s s u r e  s p r ay no z z l e s o n  a 1 3 . 7 m ( 4 5 f t )  b o om a t  1 0 4 k P a 
( 1 5  p s i )  an d l ow p r e s s u r e  s p r ay no z z l e s a t  1 0 4  k P a ( 1 5  
ps i ) . M a x i m um app l i c a t i o n  r at e s  w e r e SO, 7 0 , 7 5 ,  and 1 1 5  
mm/ h ,  r e s p e c t i v e l y. E xp e r ime n t a l  r e s u l t s  s h ow e d  t h a t  a 
reduc tion in spr ink l e r pr essur e- r esul ted in an i nc r ease in 
app l i c a t i o n  i n t en s i ty and s u b s eq u en t l y an i n c r e a s e in 
su rface r unof f .  Av erage seasona l runof f v al ue s  w e r e f ound 
to be 7 .5 pe r cent f o r  hi gh pressur e impact , 1 2 . 1  pe r c en t  for  
medi um pr essu r e  impact ,  1 8 .1  pe rcent f o r  l ow pr ess u r e  spr ay 
and 1 2 . 6  pe r cent f o r  l ow pres s ur e : boom, respec t i v e l y. 
Gil l ey and M i l k e ( 1 9 8 0 )  al so ev al uated the prob l ems 
of r e d u c e d  p r e s s u r e  c e n t e r  p i v o t ma c h i n e s .  Ru n o f f  f r om 
c o r n  p l o t s  w a s  c o l l e c t ed f o r  t h r e e  d i f f e r ent  s p r i n k l e r 
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ty pe s : hi g h  pr e s s u r e  impac t a t  4 5 0  k P a  ( 6 5  ps i ) , m e d i u m 
pr e s s u r e  i mpac t a t  1 7 2 k P a  ( 2 5  ps i )  a n d  m e d i um pr e s s u r e 
spray at 1 7 2  k Pa ( 2 5  ps i) . Max imum appl i cat ion inten s i t ies  
w e r e  2 9 , 57  and 1 1 5  mm/ h ,  r e s pe c t i v e l y . P l o t s  w e r e 
e s t ab l i s h e d  o n  a s i l ty c l ay l o am s o i l w i t h  3 . 5 pe r c e n t  
s l o pe . Av e r a g e  s e a s o n a l r un o f f  v a l u e s  we r e  9 pe r c en t  f o r  
me d i u m ·i m pa c t a n d  2 8  pe r c e n t  f o r  t h e  s p r a y n o z z l e  
spr i nk l e r .  S u r f ac e  r u no f f  me a s u r ement s u n d e r t h e  h i g h 
pr essur e impac t s pr i nk l e r were  not v a l i d. 
The pot ent i al for surface runoff i s  h i gh e r  under a 
l ow pre s s u r e  s pr ink l e r than under a hi gh pr e s s u r e  s pr ink l er ;  
how e v e r , a l ow pr e s s u r e  s pr i n k l e r c an sa v e  a s ub s t a n t i a l 
amount of en e r gy and money,  if it  can be u sed w i tho u t  r unof f 
probl ems. 
Tillage Management Pract ices 
Th e phy s i c a l c o n d i t i o n  o f  the s o i l  s u r f a c e  i s  
impo r tant i n  the i nf i l t r at ion process. T i l l age pr a c t i c e s  may 
be used t o  c r eate de s i r ab l e phys ica l so i l  cond i tions  which 
c a n i nc r e a s e  the i n f i l t r a t i o n  c a pa c i ty un d e r l ow pr e s s u r e  
spr i nk l e r  sy stems when sur face r unof f i s  a prob l em. 
An i nv e s t i ga t io n  by B u rw e l l et a1 . ( 1 9 6 8 )  i nd i cated 
that ti l l age methods inf l uence wate r inf i l t r at ion into the 
so i l  • Ti l l age method s stud i ed on l oam and c l ay l oam s o i l s ,  
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p r e v i o u s l y  c r o pped to oa t s ,  w e r e :  mol d b o a r d  p l ow � n g , 
mo l db o a r d  p l ow i n g - d i s k i ng - ha r r ow i ng a n d  mu l c h t i l l a g e .  
They r epo r ted that th e av erage inf i l tration o n  the  f r e s h l y  
c l e a n- p l ow ed s u r f ac e . w a s  a t  l ea s t tw i c e  t h a t  of  a f r e s h l y  
c l ean pl owed -d i s k ed-ha r r owed surface. The inf i l t r at i o n  rate 
f o r  a f a l l mu l ch- t i l l ed s u r f ac e  was e i ght t ime s g r eate r than 
that of  f a l l pl ow i n g  w i t h s p r i n g s u r f a c e  d i s k i n g  a n d  
har r ow ing . 
Aa r s t a d  a n d  M i l l e r ( 1 9 7 3 )  e x am i n e d  s u r f ac e  r un o f f  
u n d e r  c e n t e r  p i v o t  i r r i g  a t  i o n  mac h i n e s .  T h e  s o .i 1 w a s  
c l a s s i f i ed as  a s i l t  l oam w ith s l opes r ang ing f rom thr ee to 
sev en pe rcent. Four  type s of t i l l age pr ac t i c es u sed af ter  
c r op e s t a b l i s hm e n t  w e r e :  r e s i du e  i nc or por at i o n ,  s u r f ac e ­
spr ead re s idu .e mu l c h, shal l ow bas i n  wa te r impo undmen t  and a 
s h a l l ow c u l t i v a t i o n  ( c on s i de r e d to b e  t h e  n o r m a l f a rm i n g  
p r ac t i c e ) . Av e r a g e appl i c a t i o n  dept h s  r an g e d  f r om 0 . 5 1 t o  
0 . 9 1  e m  ( 0 . 2 1  t o  0 . 3 6  i n ) . A l l -t r e a tm en t s  r e d u c e d r un o f f  
when compar ed w i th shal l ow cu l t i v ation. Av e rage s easona l 
s u r f ac e  r un o f f v a l u e s  f o r  t h e  sha l l ow b a s i n s ,  r e s i du e  
i nc o r po r at i o n  a n d  s u r f a c e  s p r e a d  mu l c h w e r e  o n e ,  tw o a n d  
th r e e pe r c e n t ,  r e s p e c t i v e l y ,  compa r e d w i t h 1 7  p e r c e n t  
su rfac e  runoff under the sh a l l ow c u l t iv a t i on pr act i ce.  The 
smal l app l icat i on depths indicated that the f arme r had a 
s u r f a c e r u n of f p r o b l e m ,  w h i c h  c o u l d  b e  e x p e c t e d  t o  
dramat ica l l y inc r ease,  if appl icat ion dept hs were  i nc r eased. 
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D e e p  t i l l a g e  ha s a l s o  b e e n u s e d t o  i n c r e a s e  
inf i l t r at i on capac i ty and s o i l water sto r age. Al l ma r as et 
a l . ( 1 9 7 7 )  s t u d i e d  i n f i l t r a t i o n  and wat e r  c o n t en t  as a 
r e s u l t  of deep t i l l age prac t i ces.  Thei r stud i es showed that 
c h i s e l i n g  t o  t he d e p t h  o f  43 em on a s i l t l o am s o i l 
d e c r e a s e d  b o t h  s o i l  w a t e r d e s o r pt i o n  c h a r ac t e r i s t i c s  a n d  
hydrau l ic conduc t i v i ty i n  the upper 3 0  e m  o f  so i l  pr of i l e. 
Os c hwa l d  ( 1 9 7 3 }  a n d  D u l ey ( 1 9 5 7 )  r e v i ew e d muc h r e s e a r c h  
wh e r e  s ub s o i l i ng w a s app l i e d and  t h e  r e s u l t s s h ow e d n o  
.s i g n i f i c a n t  c h an g e s  i n  t h e  mo i s t u r e  c o n t e n t  o f  t h e  s o i l .  
Deep t i l l age can b e  ef f ec t i v e  when a compa ct l aye r e x i st s  in 
the so i l  pr of i l e  ( Mu s i c k  and Dusek , 1 97 5 } . 
SQi.l. Crus t ing 
The dev e l opment of a surfac e  c rust , r e s u l t i ng f rom 
t h e  impa c t  o f  w a t e r  d r o p l e t s  o n  the  s o i l  s u r f a c e  d u r i n g  
sp r i n k l e r i r r i g a t i o n ,  c a n r e d u c e t h e  i n f i l t r a t i o n r a t e .  
Mc inty r e  ( 1 9 5 8 }  fo und tha t hi gh appl icat ion rates obt a ined 
f rom r educed p r e s su r e  spr i nk l e r s  may cause a compact ed so i l  
s u rfac e  f i l m  and thu s  dec r eas e inf i l tration rates.  Busch e t  
a l . ( 1 9 7 3 }  i nd i c a t e d  t h a t  c r u s t  f o rmat i o n  w a s  i n v e r s e l y· 
r e l a t e d  t o  t h e  s p r i n k l e r app l i c a t i o n  r a t e .  H e e rman n and  
Kohl  ( 1 9 80 )  r epo r ted that  cent e r  pi vot i r r i ga t i on mac h ines 
w i t h sma l l i mpac t s p r i n k l e r s  or  s p r ay- ty p e  n o z z l e s h a v e 
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sma l l er drop s iz es ,  which  tend to caus e l es s  pudd l ing on the 
surface than do l ar ge r  drops . 
John son e t  a l .  ( 1 97 9 ) r epo r ted that s u r f ac e  c r us t ing 
c an s i gn i f i c a n t l y  r e d u c e  s o i l  i nf i l t r a t i o n ,  b u t  p r o p e r  
ti l l age prac ti ce s  c an inc r ease inf i l tration c apac i ty by as 
muc h  as 80 pe r cen t. Edwards and La r son ( 1 9 6 9 )  u sed the s o i l  
wate r mov emen t theo ry to ev al uate the inf l uence o f  s u r f ace 
s e a l  d e v e l o pm e n t  on i n f i l t r a ti o n  o f  wa t e r i n t o  a t i l l e d 
so i l .  They f ound that the sa tu r a ted hyd rau l ic c onduct i v i ty 
-of the su rface l ayer dec r eased f r om 19  to  2 mm/ h,  af t e r  two 
hour s of s imu l ated r ainf al l .  
T h e  r e l a t i on s h i p s  b e tw e e n  t i l l ag e  p r ac t i c e s  a n d  
spr ink l e r type s and surfac e runoff can be bette r  und e r stood 
when i nf i l t r at i o n mod e l s  a r e  a pp l i ed .  P hy s i c a l  p a r ame t e r  
m o d e l s c a n b e  u s e d t o  r e p r e s e n t  th e a p p l i c a t i o n , 
i n f i l t r a t i o n a n d  r u n o f f p r o c e s s . C h an g e s i n  p hy s i c a l  
pa rameters can infl uence th e inf i l tration r a te. 
ANALYSIS AND PROCEDURE 
Infiltr ation- Ca pacity Curves 
Soil inf il t r ation c ha racteris tic s c an b e  studied by 
using the concept of inf il tra tion-capacity ( Ho r ton ,  1 9 4 0 ) . 
I n f il t r a t io n - c apac ity is d e f ined a s  t h e  m a x imum r a t e  a t  
w hic h s o il c an a b s o r b  w a t e r  f o r  a g iv e n s o il mois t u r e  
condition . 
Tw o type s o f  inf il t r a tio n - c a pa c ity c u r v e s c an b e  
used t o  de s c rib e  the soil inf il t r ation c ha r ac t e ristic s :  the 
in £ il t r a t io n  c a pa c it y - r a t e  c u r v e  a nd t h e  inf il t r a t io n 
capac ity-depth cu rv e. An inf il t r ation capacity- r at e  c u r v e  
is shown schematica l l y in F igu r e  2 ,  whe r e  t h e  v e r tica l  axis 
r ep r e s ents r a t e  and t h e  ho r iz o n t a l  a x is ,  tim e .  A typic a l 
s o il inf il t r a t ion- c apac ity- r a t e  c u r v e  is a f u n c t io n  o f  
t ime , t .  
f = f ( t )  ( 2 2 )  
I t  v a r ie s  f r o m  a hig h r a t e  a t  t h e  e a r l y  p a r t  o f  t he 
in f il t r atio n  p r oc e s s  t o  a l ow e r  r a te a t  a l a t e r  t i m e , and 
approache s  a constant rat e for  an extended time pe riod. 
An in f il t r a t io n  c a pacity depth c u r v e  is s how n 
s c hematic a l l y  in F i g u r e  3 whe r e  t h e  c umm u l a t i v e  d e p t h  of 
i n f il t r a t i o n ,  F ,  as a f un c t i o n  o f  tim e , t ,  is p l o t t e d .  A 
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f (t ) 
Rate I n f il tr ation-capac ity 
Time 
Figu r e  2 .  I nf il tr at i on-c apacity- r ate cu rve . 
Depth I nf il t r ation-c apacity 
Time 
F i gu r e  3 .  Inf i l t r at i on-capac i ty-dept h cu rv e . 
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typic a l  s o il in f il t r a t io n  c a p a c ity-depth c u r v e  is a l s o  a 
f unction of time. 
F = F ( t )  ( 2 3 ) 
I t  s t a r t s  w it h  a v a l u e  o f  z e r o  at t h e  b eg in n in g  o f  t h e  
inf il t r a t io n  p r o c e s s .  As  t ime in c r e a s e s ,  c um u l a t iv e 
inf il t r ation inc r eases. I t s  rate of inc r eas e  o r  the s l ope 
of t h e  c u r v e  is  in it ia l l y  h ig h  a n d d e c r e a s e s  t o  a n  
appr o x ima t e  s t r aig h t  l in e .  T h e  r e l a t io n s h ip b e tw e e n  t he 
· r a t e ,  f ,  and t h e  d e pt h ,  F ,  a r e 
f = dF/dt 
F = f (t )  dt 
( 2 4 )  
( 2  5 )  
T h e  g e ome t r ic a l  s ignif ic a n c e  is t h a t  f ( t )  is t h e  s l ope  o f  
t h e  F ( t ) , c u r v e  ( F ig u r e  3 )  and F ( t )  is th e ar e a  u n d e r f ( t )  
f r om t = 0 t o  t (F ig u r e  2 ) . 
Green-Ampt model 
G r e e n-Ampt ( 1 9 1 1 )  d e r iv ed an equa t io n  t o  d e s c r ib e  
soil inf il tration capacity cu r v e s  in a homogeneous soil f o r · 
a po nded  s o il s u r f a c e  c o nd it ion.  The G r e e n  and Ampt mo d e l 
is based on the ass umption s of a w e ll defined wetting f r on t ,  
a constant hydrau l ic conductiv ity in the wetted z one and a 
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c o n s t an t  n e g a t i v e  p r e s s u r e  h ead ( s u c t i o n ) a t  the w e t t i ng 
f ront. The G r een-Ampt inf i l t r at ion c apac ity- r ate equat ion 
can b e  r epr e s ented by: 
whe re 
f = K ( 1 +  SM/F ) 
f = inf i l t rat i on r ate ( rom/ h )  
K = hyd r au l ic conduc t iv i ty ( mm/h ) 
SM = p r o d u c t  o f  t h e  s o  i 1 m o i s t u  r e c o n t e n t  
d if f e r ence b ef o r e and af ter wetting,  and the 
a v e r a g e  s o i l  w a t e r  p r e s s u r e  a t  t h e  w e t t i n g 
f r ont (mm) 
F = inf i l t ration depth (mrn). 
( 26 )  
The Green-Ampt inf i l tra t i o n c a pa c i ty-d ept h equa t i o n  wa s 
o b t a i n e d b y  c o mb i n i n g · e q ua t i o n s  ( 2 6 )  a n d  ( 2 5 ) a n d  
i n t e g r a t i n g  w i t h  r e s p e c t  t o  t ime , t ,  f r om t = 0 t o  t t o  
obtain:  
F/ SM - LN ( F/SM +1 ) = K * t/ SM 
whe r e  
LN = nat u r al l ogarithm ope r ator 
and t = t ime ( h ) . 
( 27 ) 
An e x amina t i o n o f  t h e  l e f t  sjd e  o f  eq u a t io n  ( 2 7 )  
indi cates that when ( F/ S M  ) i s  l arge,  then th e . quan t i ty 
L N ( l+ F/ S M )  i s  r el ati v el y  smal l in compar ison with  (F/ S M ) . 
I f  LN(  1 +  F/ SM)  i n  equat ion ( 2 7 )  i s  neg l ected the fo l l owing 
is  obtained: 
F/SM = K * t/ SM ( 2 8} 
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Equa tio� { 2 7 )  show s that the r el ationship between F and t i s  
a st rai ght l ine when F and t a r e  l arge {F i gu r e  3 ) . 
When i nf i l  t r a  t i o n d ept h ,  F ,  i s  sma l l t h e· q u a n t i ty 
L N {  1 +  F/ S M  ) c a n b e  r ep r e s e n t e d  by Tay l o r ' s  s e r i e s  s u c h  
that : 
LN { l +F/ SM = F/ SM - 1/ 2 { F/ SM ) 2 + • • •  { 2 9 )  
Neg l ec t  al l te rms except the f i r st two i n  equat ion { 2 9 )  and 
subst itute into equat ion { 2 8 ) , and obtain:  
F/ SM = ( 2 *K *t/ SM) O . S ( 3 0 )  
T h i s i s  an a pp r o x i m a t e  r e l a t i o n s h i p b e tw e e n  F and  t ,  w h e n  
t ime is  smal l .  
Sub s t i tute equat ion { 2 8 )  and { 2 9 )  into equation {27 ) 
and r ear range to obt a in : 
K/ ( f-K ) - LN[ K/ { f-K ) + 1]  = K *t/SM { 3 1 )  
Eq u a t i o n  ( 3 1 )  r ep r e s e n t s  t h e  r e l a t i o n s h i p  b e tw e e n  f a n d  t .  
C o n s i de r ,  w h e n  f i s  v e ry l a r g e , t h e  l e f t  s i de o f  e q ua t i o n  
( 3 1 )  approache s  z e r o ,  whi c h  mean s the inf i l trat ion r at e ,  f ,  
i s  l a r ge when t ime, t ,  i s  smal l .  
T h e  Gr e e n - A m p t  i n f i l t r a t i o n  m o d e l h a s  
characte r i s t i c s  tha t ar e s imi l ar to the soi l inf i l t r a t ion-
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capac ity cu r v es shown in F i gur es 2 and 3.  The r ef o r e ,  it  can 
be u sed to desc r ibe so i l  inf i l t r at ion cha r acte r is t i cs.  
Mei n-La r son Model 
The G r een-Ampt inf i l t r ation model  is not suitabl e t o  
stu dy s o i l  inf i l trat ion under spr ink l e r i r r i gation b ecause 
i t  requ i res a ponded sur f ac e  at time z ero. Such a cond i t i on 
c an happ e n  o n l y  i f  t h e  app l i c at i o n  r a t e  i s  v e ry l a r g e.  
·An i n f i l t r a t i o n  mo d e l w hic h de s c r i b e s  t he i n f i l t r a t i o n  
p r oc e s s  u n d e r  a c o n s t an t r a i n i s  n e e d e d  f o r d a t a  an a l y s i s .  
M e i n  and L ar son ( 1 97 1 )  extended the Gr een and Ampt equat i on 
to des c r i be the i nf i l trati on pr ocess  un de r a constan t  wat e r  
appl icat i on .  




I = constant 
P = I * t 
I = appl icati on r ate of i r r i gat i on wate r 
P = depth of appl i ed water 
and t = t ime . 
( 3 2 )  
( 3 3 ) 
They div ided the inf i l t r at i on process  into two stages:  the 
f i r s t s ta g e  i s  t h e  i n f i l t r at i on p r i o r  to r u n o f f ,  a n d  t h e  
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s ec o n d  s t a g e  i s  t h e  i n f i l t r a t i o n  af t e r  r u n o f f b e g i n s . The  
t i me that s epa r a t e s t h e  tw o s t a g e  is  r e f e r r e d t o  a s  t h e  
ponding t ime o r  the t ime t o  s u rface saturat ion , TP. 
D u r i n g t h e  f i r s t  s t a g e  a l l t h e  a pp l i e d w a t e r  
i n f i l t r a t e s  i nt o  t h e  s o i l . Tha t i s  w h e n  t h e  app l i c a t i o n  
dept h ,  P ,  i s  e q u a l t o  t h e  i n f i l t r a t i on d e p t h ,  F .  A t  t h e  
ponding t ime , T P ,  we hav e f r om equat ion ( 3 2 )  and ( 3 3 ) : 
f = I 
-and F = P = I * TP 
( 3 4 )  
( 3 5 )  
The tota l  amount of app l ied water pr ior  to ponding t ime , P , 
whic h  i s  the same as  inf i l trated water dept h i s  r ef e r r ed to 
as t h e  i n i t i a l  ab s t r a c t i o n ,  F o .  S ub s t i t u t e  e q u a t i o n ( 3 4 )  
and ( 3 5 ) i n t o  ( 2 6 )  t o  ob t a i n : 
I =  K [ 1 +  SM/ ( I *TP ) ]  ( 3 6 )  
Rea r range equa tion ( 3 6 )  t o  e xpr e s s  the pond ing t ime , TP,  in 
t e rms of t h e  s o i l  i nf i l t r a t i o n  pa r ame t e r s ,  K ,  SM a n d  t h e  
water app l ication rate,  !, a s  : 
TP = K * S M/ [ I * ( I -K ) ] ( 37 )  
S u b s t i t u t e  eq u a t i o n  ( 3 7 )  i n t o  eq u a t i on ( 3 5 )  t o  o b t a i n  t h e  
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r el at ionsh ip for th e ini t i a l abstrac t ion. 
Fo = I *TP = K *SM/ ( I-K ) ( 3 8 )  
or  Fo/ SM = K/ ( I -K )  ( 3 9 )  
I t  i s  n e c e s s a ry t o  c h e c k  w h e t h e r  t h e  pen d i n g  t i me 
c a l c u l a t e d  f r om the G r e e n-Amp t r a t e  equa t i o n ( 3 7 )  i s  t h e 
s am e  a s  t h e  t i m e  c a l c u l a t e d  f r om t h e  G r e e n- Ampt d e pt h  
.equation ( 2 7 ) . Th i s  w i l l det e rmine whethe r one o r  two time 
sca l es shou l d  b e  used. Subs t i tut ing t = TP and F/ S M  = K/ ( I ­
K)  into eq ua tion ( 2 7 ) , t o  f ind pend ing t ime f r om G r ee n-Ampt 
depth equati on ,  g i v es : 
o r  
K/ ( I -K ) - LN[ 1+ K/ ( I -K ) ] = K *TP/ SM ( 4 0 )  
TP = ( SM/K ) * {K/ ( I -K ) - LN[ l+K/ ( I -K ) ] }  ( 4 1 )  
A c ompa r i s o n  o f  e q u a t i o n  ( 4 1 )  w i t h ( 3 7 )  s h ow s t h a t  t h e  tw o 
pen d i n g  t i m e  a r e d i f f e r e n t. Th e r ef o r e , i t  i s  n e c e s s a r y t o  
d i f f e rent i at e  the t ime sca l e of wate r app l ication f rom th e 
t ime s c a 1 e o f  i n  f i 1 t r a t i o n -c a pac i ty. Tw o t im e  s c a 1 e s a r e  
needed to des c r ibe the inf i l t r ation proce s s  under a cons tant 
r a i n. L e t  U b e  t h e  w a t e r  app l i c a t i o n t i me v a r i ab l e a n d  T b e  
• 
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appl ication rate ( mm/ h ) 
ponding time ( h ) 
appl icat ion t ime ( h ) 
i n i t ia l  ab s t r ac t i o n  t i me ( h ) 
inf il t r at ion r ate ( nun/ h )  




F i gu r e  4 • Appl icati on intens ity and inf il t r at i on 
rate v e r s u s  time . 
T h e  po n d i n g t i me o n  t h e  U s c a l e  i s  r e p r e s e n t e d  by , T P  ' · 
( equat ion 3 7 )  and the pond ing t ime on the t scal e ( equa t ion 
4 1 ) is to be c a l l ed t h e  i n i t i a l ab s t r ac t i o n  t i m e ,  T S  , t o  
a v o i d  c o n f u s i o n b e t w e e n  t h e tw o t i m e  p a r am e t e r s . S o  
equation ( 41 )  is now c hang ed to: 
29  
TS  = ( SM/K ) * {K/ ( I -K ) - LN[l+ K/ ( I -K ) ]} ( 4 2 )  
The r e l at ionship between the two time sca l es U and T c an be 
estab l i shed as f ol l ows : 
o r  
ther efo r e  
o r  
and 
U = TP when T = TS 
U-TP = 0 and T-TS = 0 
U-TP = T-TS 
T = U - TP + TS 
F ( T )  = F ( U-TP+TS ) 
( 4 3 )  
( 4 4 )  
The l ef t  side of the equat i on ( 4 4) i s  the  inf i l t r a t ion depth 
determined by G r ee n-Ampt equation,  because it is r e l ated to 
t h e  i nf i l t r a t i o n  t im e  s c a l e ,  T. Th e r i g h t  s i d e of  t h i s 
equation r ep r e s ents the inf i l tration depth du r ing a const ant 
rain as def ined by M ei n-L a r son becau s e  it is r el ated to the 
appl icat ion t ime sc a l e , u. Th e geomet r ic i nte rpr etation of 
eq u a t i o n  ( 4 4 ) i s  t h a t  t h e  G r e e n-A�p t mo d e l  c an b e  u s e d t o  
d e s c r i b e  t h e  i n f i l t r a t i o n p r o c e s s  d u r i n g  a c o n s t a n t  
app l i c a t i o n  r a t e ,  i f  t h e  i nf i l t r a t i o n  t im e  s c a l e ,  T ,  i s  
t r an s l a t e d  o n  t h e  w a t e r app l i c a t i o n  t i me s c a l e ,  u ,  by t h e  
amount ( T P- TS ) . 
3 0  
SQil intake f amily 
O n e  p u r po s e o f  t h i s s t u dy i s  t o  e v a l u a t e  s o i l 
par amet e r s tha t i n f l uenc e inf i l tration. The on l y  data u s eful 
f o r  ana l y s i s  w e r e  t h e  t o t a l  r u n o f f  v o l um e s . A s i ng l e 
runof f v o l ume datum f o r  each runoff ev ent was not s uf f i c i en t  
t o  e v a l u a t e  t h e  tw o p a r ame te r s  K and S M  i n v o l v e d i n  t h e  
Green-Ampt mod e l . An add i tional r el at ionship b etween K and 
S M  w a s  n e e d e d .  S u c h  a r e l at i on s h i p  w a s  o b t a i n e d  f r om th e 
in t a k e f am i l y c u r v e s  d e v e l oped by t h e  S o i l  Co n s e r v a t i o n  
S e r v i c e  ( 1 9 7 4 a ) . T h e s e  c u r v e s r ep r e s ent  t h e i n f i l t r a t i o n  
d e p t h - c a p a c i t y v e r s u s  t i m e  f o r  s o i l s w i t h s i m i l a r 
inf i l trat i on c ha r ac t e r i st ics (F i gu r e  5 ) .  
A t im e  r a t i o  m e t h o d  d e v e l o p e d  by C h u  ( 1 9 8 5 ) wa s 
app l i e d t o  f i n d  K a n d  S M  f r om t h e  i nt a k e  f am i l y  c u r v e s o r  
the inf i l t ration capac i ty depth c u rv es. Two data po int s on 
a i n f i l t r a t i o n c u r v e  a r e  n e e d e d  t o  e v a l u a t e  t h e  t w o  
par amet e r s  inv o l v ed i n  the Green-Ampt inf i l tration equa t ion. 
L et the two data poi nt s  b e  r epr esent ed by: 
and 
F = F l  
F = F 2  
At 
AT 
T = Tl 
T = T2 
By substitution, the G r ee n-Ampt inf i l tr at ion depth equat ion 
becomes : 
F l/ S M - L N ( l +F l/ S M ) = K *Tl / S M ( 4 5 )  
-• • � u c -
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F i gu r e  5 .  In t a k e  f am i l i e s fo r bo rde r i r r ig a t i o n  d e s ign . ( So i l  Conservation 
S e rv i c e, 197 4a) • 
w � 
3 2  
and 
F 2/ S M- L N ( l +F 2/ S M ) = K *T2/ S M  ( 4 6 )  
D iv i d ing ( 4 5 )  by ( 46 )  g ives : 
(F l/ SM - LN ( l +F l/ SM ) / ( F 2/ SM -LN ( l +F 2/ SM )  = Tl/T2 ( 47 )  
S e l e c t  · t h e  two d a t a  p o i n t s  i n  s u c h  a w ay t h a t  t h e  l a r g e  
i nf i l t r a t i o n  d e pt h ,  F 2 ,  i s  tw i c e  t h e  amo u n t  o f  t h e  s m a l l 
inf i l tration dept h ,  Fl . Tha t i s :  
F 2=2 *F l  ( 48 )  
Comb i ning equat ion ( 47 )  with ( 4 8 )  g ives : 
[F l/ SM - LN ( l+F l/ SM ) ] /[ 2 *F l/ SM - LN ( 1+2*Fl/ SM ) ] = Tl/T2 ( 4 9 )  
T h e  q u an t i ty o n  t h e  r i g h t  s i d e o f  eq u a t i on ( 4 9 ) , T l / T2 , i s  
refer r ed t o  a s  the time r atio ( Chu, 1 9 8 5 ) . The v al ues  of  F l  
and F 2  s e l e c t e d  i n  t h i s  s t u dy w e r e  1 . 0 an d 2 . 0  i n c h e s  
r e s p e c t i v e l y . T h e  c o r r e s po n d i n g v a l u e s  o f  Tl and T2 
o b t a i n e d  f r om the i n t a k e · f am i l i e s  ar e l i s t e d  in Tab l e  1 .  
Subst i tute F l =l int o equat ion ( 49 )  to obta in : 
[ 1/ S M  - L N ( l + l/ S M )  ] /  [ 2/ S M  - L N ( l + 2/ S M ) ]  = T l / T 2  ( 5 0 )  
A g r aph i c a l  r epr esent ation of equation ( 5 0 ) , F i gu r e  
6 ,  may b e  u s e d  t o  d e t e r m i n e  t h e  v a l u e s  o f  S M  f o r  eac h i n t a k e 
Tabl e 1 .  T ime v al ues of  Tl and T2 , when the i nf il t r a t ion 
depths a r e  one and two inc hes , r espect ivel y (So i l  
Cons e rvation Se rv i c e ,  1 97 4 a ) . 
I ntak e f am il y  Tl (mi n ) T2  (min ) 
0 . 1 0  17 0 6 3 0  
0 . 3 0  6 5  21 0 
0 . 5 0 3 8  1 2 0  
1 . 0 0  1 9  5 8  
1 . 5 0 1 4  4 0  









F igu r e  6 .  Re l a t i o n s h i p  between Tl/T2 and S M  f o r  s i x  s o i l  i n t a k e f am i l i e s .  w � 
3 5 
f am i l y  b a s e d  o n  t h e  v a l u e s  of Tl and T 2  g i v e n i n  Tab l e  1 .  
Af ter  the v a l ue s  of SM w e r e  obta ined , the K v al ue s  f o r  each 
so i l  intake f am i l y  were  cal cul ated f r om equa t ion ( 4 5 ) . Th e 
par ametr ic  v al ue s of K and S M  dete rmined by thi s procedur e 
ar e l i sted in Tab l e 2 .  
A l i n e a r  r e g r e s s i o n b a s e d  u po n  t h e  l o g a r i t hm i c  
v a l u e s  w a s  u s e d  t o  d e t e rm i n e  a r e l a t i o n s h i p  b e tw e en K a n d  
SM. The l ogar i thmic r ep r e s entat ion of the l inear r e g r es s i o n  
mode l  i s :  
L N ( SM ) = LN ( a )  + b LN ( K ) 
or  
SM = a * ( K ) b 
wher e 
b = sl ope of the l ine on the l oga r i thmic plot 
and a = intercept when K=l 
( 51 )  
( 52 )  
T h e  l i n e a r  r eg r e s s i o n g i v e s t h e  f o l l ow i ng r e l a t i o n s h i p  
between K and S M  with  a coeff i c ient o f  dete rminat ion of 
( R2 = 0 . 9 8 ) : 
SM = 1 1 3 . 3  * K -0 . 497 ( 53 )  
Eq ua tion ( 5 3 )  and the data po int s ar e i l l u s t r ated in 
F i g u r e  7 .  W h e n  S M  i s  r e p l a c e d  b y  t h e  f u n c t i o n  o f  K 
( equation 5 3 )  i n  the G r een-Ampt equat ion, the pa r ame te r ,  K ,  
b e c omes t h e  o n l y  u n k n own f ac t o r .  By a s s um i n g  d i f f e r en t  
v a l ues o f  K ,  a s equenc e o f  s imu l ated runof f v o l ume s can b e  
3 6  
Tabl e 2 .  Th e hyd r aul ic conductiv ity { K ) , parame t e r  ( SM )  and 
time r at i o  ( Tl/T2 ) for  each soil  intake f am il y . 
K { mm/ h )  
S M  ( mm) 
Tl/T2 
So i l  Intak e Family 
0 . 1 0 . 3  0 . 5 
0 . 7 6  4. 4 5  8 . 7 6  
1 27 50 . 8 0 40 . 6 0 
0 . 2 8  0 . 3 0  0 . 3 2  
1 . 0 
21 . 8 4 
3 0 . 5 0 
0 . 3 3  
1 . 5 
4 3 . 1 8  
1 6 . 5 0 
0 . 3 5  
2 . 0 
6 1 . 4 6 
1 3 . 2 0 
0 . 3 7 
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F igure 7 .  Rel at i onsh ip between K and S M  f or s o i l i n t a k e  f am i l i e s. 
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3 8  
g e n e r a t e d .  T h e  v a l u e o f  K wa s d e t e rm i n e d  b y  ma t c h i n g  t h e  
s i mu l a t e d  t o t a l  r u n o f f v a l u e s  f o r  a n  e v e n t  w i t h f i e l d 
mea s u r ed datum. 
A c o mput e r  p r o g r am w a s  d e v e l oped t o  c a l c u l a t e  t h e  
· Green-Ampt par amete r s  f r om the f i el d  data sets (Append i x  A) . 
I n i t i a l v a l u e s f r om T ab l e 2 was u s ed t o  d e t e r m i n e s o i l 
par amete r s  f o r  i nf i l trat ion depth. 
Field data s et 
The data s e t s  f o r  thi s  inv est igat i on wer e co l l ected 
by r e s e a r c h  p e r s o n n e l  at  the  Ag r i c u l tu r a l  E n g i n e e r i n g  
D epa r tm en t , S o u t h  D a k o t a  S t a t e  U n i v e r s i ty d u r i ng 1 9 8 2 t o  
1 9 8 4  ( D eB o e r ,  1 9 8 4 ) . The e x p e r iment a l  f i e l d s i t e  wa s 
a d j ac e n t  t o  t h e  M i s s o u r i  R i v e r n e a r G e t ty sb u r g  i n  n o r t h 
cent r a l  South Dakota. The s o i l  type was c l as s if i ed as  L ow ry 
s i l t  l o am w h i c h h a s  a d e ep s o i l  p r o f i l e , we l l d r a i n e d  and  
h a s  a h i g h  a v a i l a b l e w a t e r  c a p a c i t y a n d  m o d e r a t e  
p e rmeab i l i ty ( So i l  C o n s e r v a t i o n  S e r v ic e ,  1 9 8 5 ) . T h e  s o i l  
moi stu r e  r el ease dat a f o r  d if f e r ent depths of the study area 
ar e pres ented in Tab l e  3 .  
A 1 83 m ( 6 0 0  ft )  l inear mov e i r r igation mac h ine was · 
u s e d o n  a f o r ty ac r e  c o r n  f i e l d  w i t h  s l ope s r a n g i n g  f r om two 
to f o u r  pe r c e n t .  Th e d i s c h a r g e pe r un i t  l e n g t h  (0 .2 5 
L/ s I m ,  1 • 2 gp m/ f t )  o f  t h e  1 i n  e a r m o v e rna c h i n e  w a s t h e  s am e  
Table  3 .  Mo i s t u r e  cont ent , 9 v ,  of L ow ry s il t  l oam f o r  
diff e r ent depths and p r essur es (Kohl , 1 9 8 4 } . 
Depth P r es s u r e  {bar s }  
·c ern}  0 . 1 0 . 3 0 . 6 1 . 0 3 . 0 6 . 0 1 0 . 0  1 5 . 0  
1 0 -20 0 . 3 6  0 . 3 1  0 . 2 7  0 . 2 6  0 . 21 0 . 1 8  0 . 1 7 0 . 1 7  
20 -3 0 0 . 3 2  0 . 27 0 . 2 3 0 . 23 0 . 1 9  0 . 1 6  0 . 1 6  0 . 1 5  
40-50  0 . 3 0  0 . 2 4  0 . 2 1  0 . 2 1  0 . 1 7  0 . 1 4  0 . 1 3  0 . 1 3 
50 -6 0 0 . 2 8  0 . 2 5  0 . 21 0 . 1 9 0 . 1 4  · 0 . 1 2  0 . 1 2  0 . 1 2  
7 0 - 80 0 . 2 6 0 . 2 4  0 . 1 9  0 . 1 7  0 . 1 7  0 . 1 4  0 . 1 3 0 . 1 2  
1 0 0 -1 1 0  0 . 3 2  0 . 2 5  0 . 20  0 . 1 8 0 . 1 5  0 . 1 2  0 . 1 1  0 . 1 0  
1 3 0 -1 4 0 0 . 3 2 0 . 2 5  0 . 1 9  0 . 1 9  0 . 1 5  0 . 1 2  0 . 1 1  0 . 1 1 
3 9  
4 0  
a s  that  of t h e  o u t s i de s pan o f  a q u a r t e r  s e c t i o n ,  c e n t e r  
p i v o t i r r i g a t i o n  m ac h i n e no z z l e d f o r  0 . 0 5 2 m3 / s  ( 8 3 0  g pm ) . 
Spr ink l e r dev ices  used i n  th e study inc l uded a 36 0 °  s pr ay 
no z z l e  w i t h  an o p e r a t i o n  p r e s s u r e  of  1 0 3  k P a  ( 1 5  p s i )  and  a 
wetted d i amete r o f  1 3 .4 m, a squar e  o r if ic e  impact  spr i nk l er 
with an ope r at i o n  pr essur e of 1 7 2  kPa ( 2 5  ps i ) and a wetted 
d i ame t e r  of 2 3 . 5  m and a r o un d  o r i f i c e  i mp a c t s p r i n k l e r 
w i t h an o p e r a t i o n  p r e s s u r e  o f  3 4 4 k P a  { 5 0  ps i )  a n d  a w e t t e d  
d i ame t e r  o f  3 7 . 5  m { F i g u r e  8 ) . F i g u r e s  9 ,  1 0 ,  a n d  1 1  s how 
t h e  a p p l i c a t i o n  r a t e  v e r s u s  t i m e  f o r  s p r ay - 1 0 4  k P a  
s p r i n k l e r s ,  impac t - 1 7 2 k P a s p r i n k l e r s  and  impa c t - 3 4 4  k P a 
sp r i n k l e r s ,  r e s p e c t i v e l y . The a pp l i c a t i o n  r a t e s  o f  e a c h  
s p r i n k l e r w e r e me a s u r e d by f o u r  r a in g a g e s at  t h e  t o p  o f  t h e  
crop canopy near eac h p l ot. The r e  a r e  four app l ication r ate 
v e r s u s  t ime c u r v e s i n  F i g u r e  9 ,  1 0  and 1 1  w h i c h  r e p r e s e n t  
t h e  a pp l i c a t i o n  r at e  o f  e a c h  r a i n  g a g e .  T h e  a v e r ag e  o f  
t h e s e  pa t t e r n s  s how a r e l a t i v e l y c o n s t a n t  r a t e  o v e r t h e  
du r at i on of water  app l ication. Ther ef o r e ,  these app l icat ion 
pat t e r n s  w e r e  t r e a t e d  as c o n s tan t r a t e  pa t t e r n s i n _ t h i s 
s t udy.  F i g u r e  1 0  f o r  i mpac t- 1 7 2 k P a  s p r i n k l e r s  s h ow s a 
s p i k e  a t  app r o x ima t e l y  t e n  m i n u t e s .  Thi s s p i k e  i s  d u e  t o  
water d r i pping f rom i r r i gation machine into the r ai n  gages • . 
The ma x imum appl icat ion rates for  spr ay-1 0 4  kPa, impact- 1 7 2  
k P a  a n d  i m p a c t - 3 4 4  k P a  w e r e 1 2 5 ,  6 5 , a n d  4 0  mm/ h ,  
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F ig u r e  1 1 . Appl i c a t i o n  r a t e s  f o r  t h e  i mpac t- 3 4 4  k P a  spr i n k l e r s .  
� � 
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a n d  3 4  m m/ h , r e s p e c t i v e l y . An a v e r a g e  n e t  w a t e r  
app l icat i on depth of 2 . 3  em was appl i ed du r ing each test. 
The s tudy area  was d i v ided into el ev en p l ots wi th a 
spr i nk l e r  type a s s i gned t o  each pl ot.  Figu r e  12 i l l ust r at e s  
t h e  p l o t a r r an g em e n t  a n d  s p r i n k l e r a s s i g nmen t  f o r  1 9 8 4 . 
S p r i n k l e r a s s i g nm e n t  w e r e  r andom i z ed f o r  eac h y e a r  o f  t h e  
s t u dy. P l o t s  n umb e r  1 ,  5 and 1 0  w e r e  und e r  s pr ay-1 0 4  
s p r ink l e r s ,  p l o t s  n u mb e r  4 ,  9 and 1 1  w e r e  u n de r imp ac t- 1 7 2 
s p r i n k l e r s ,  p l o t s  6 ,  7 a n d  1 2  w e r e  u n d e r  i m p a c t - 3 4 4  
sp r i n k l e r s ,  and p l o t s  n umb e r 2 and 8 w e r e u n d e r d r o ps 
sprink l e r s  wh i c h  wer e not considered i n  thi s study b ecaus e 
of l imi ted data. Each p l ot was subdiv ided int o f i v e  5 .5 
m by 2 5  m subp l ot s. Th e subpl ot s  conta ined s ev en c o r n  r ow s  
{ F ig u r e  1 3  ) • T h e  p l o t s  w e r e  tandum d i s k e d  in t h e s p r i ng 
prior  to pl ant ing. Each subpl ot wa s t r eated wit h  on e of the 
fol l owing s econdary t i l l age pr act ic e :  shal l ow cu l t i v at i on,  
r i p p i n g ,  s u b s o i l in g ,  m a c h i n e m i c r o d i k e s  a n d  h a n d  
m i c r o d i k e s . On l y  th e s h a l l ow c u l t i v a t i o n  and r ipp i ng 
p r ac t i c e s  w e r e  c o n s i d e r e d f o r  an a l y s is i n  t h i s s t u dy 
b e c a u s e of  comp l e t e  d a t a  s e t s  a v a i l ab l e f o r  a l l t h r e e 
y e a r s .  R i pp i n g  r ef e r s  t o  a s ub s o i l in g  p r ac t i c e  w hic h wa s 
made to a depth of 2 5  em to 3 0  em between corn r ows w hen the 
c o r n  wa s in  the s i x  t o  e i g ht l e af s t a g e  of d ev e l o pm e n t .  
I r r i g a t i o n s  w e r e s c h e d u l e d w h e n  t h e  a v e r a g e  
te n s i om e t e r  r e a d i n g s  w e r e  3 0  t o  3 5  c e n t i b a r s  a t  t h e  d e p t h  
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F i g u r e 1 2 . Schema t i c  d i a g r am of pl o t  a r r an g eme n t  
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76 cm 
CORN RO W 
._j 
LEGEND 
+ 45 em TENSIOMETER 
x 90 em TENSIOMETER 





1 .8 m 
25 m 
t 1 .8 m  
BOTTOM DIKE 
F i g u r e  1 3 . S c h emat i c  d i ag r am of each s ub -pl ot in 1 9 82 . 
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o f  4 5  e m. T h e  n e t  d e p t h  o f  app l i e d i r r i g a t i o n  w a t e r wa s 
me a s u r e d a t  t h e  t o p  o f  t h e  c r op c a nopy w i t h w e d g e - type 
p l a s t i c r a i n  g a g e s ,  w h i c h  w e r e  po s i t i o n e d  n e a r  ea c h  p l o t .  
S u r f a c e  r un o f f w a s  m e a s u r e d w i t h c a l i b r at e d  H - S f l ume s  a t  
the l owe r end of each p l ot. 
S t a g e  r e c o r d e r s  w e r e  u s e d  to r eg i s t e r  t h e  r un o f f 
hy d r o g r ap h  f o r  eac h i r r i g at i o n  e v e n t .  F i e l d d a t a  f o r  
runo f f ( R ) , app l i c a t i o n  d e pt h  ( P )  and t i me o f  app l i c a t i o n  
( TA) f o r  e a c h  p l o t  a r e p r e s e n t e d  i n  Appe n d i c e s  C t h r o u g h  E 
for the yea r s  of 1 9 82 to 1 9 8 4 .  
Stat i st i ca l  techn iques (nested f actor i a l  ana l y s i s  of 
v ar i ance)  was used w i th unequal subc l as s  numb e r  t o  ana l yz e  
t h e  e f f ec t s  o f  t h e  s p r i n k l e r type s ,  t i l l ag e  p r a c t i c e s  and  
y e a r s  o n  hy d r a u l i c c o n d u c t i v i t i e s . The  SA S GL M p r o c e d u r e  
was used w ith type output in this  s tudy ( SAS u s e r s gu i de ,  
1 9 8 5 ) . The  e xp l a n a t i o n  of  t h e  s t a t i s t i c a l  a n a l y s i s  amo n g  
the s e  f a c t o r s  i s  pr e s e nt e d i n  t h e  r e s u l t s  a n d  d i s c u s s i o n  
sectio n .  
RESULTS AND DI SCUSSION 
Effect 2f Years. Sprinklers And Tillage Practices Qn 
Hydraulic Conductivity 
· F i e l d  d a t a  s e t s  o f  s u r f ac e  r u no f f  ( R ) , app l i c a t i o n  
t ime (TA) and net i r r i gation water app l i ed ( P )  a r e  present ed 
i n  App e n d i c e s  C t h r o u g h  E f o r  t h e  t h r ee s p r i n k l e r type s : 
s p r ay- 1 0 3  k P a ( 1 5 ps i ) , impac t - 1 7 2 k P a  ( 2 5  p s i )  a n d  impa c t -
3 4 4  k P a  ( 5 0  p s i )  a n d  t w o  t y p e s o f  s e c o n d a r y  t i l l a g e  
pr actices : r ipped and non- r i pped ( shal l ow cul t i v at ion) . A 
t o t a l of 6 4 1 s u r f ac e  r u n o f f  and app l i ed w a t e r d a t a  s e t s  
wer e col l ected o n  9 pl ot s. 
Pa r ame t e r s  K ,  S M , T P ,  TS and FF i n v o l v e d i n  t h e  
Gr een-Ampt- M e i �-L a r son inf i l tration equat ion we r e  dete rmined 
ba s e d  on f i e l d m e a s u r eme n t  of P,  R and TA. An i n v e r s e  
r e l a t i o n s h i p  e x i s t s  be tw e e n  pa r ame t e r s  S M  and K ( eq u a t i o n  
2 8 ) . As t h e  hyd r au l ic  conduct i v ity (K ) o f  the soi l dec r eases 
the par ameter  SM inc r ea s e s. In gener al pond ing t ime (TP)  on 
r ipped p l ot s  was h i gher  than that of non- ripped p l ot s  due 
t o  t h e  r i pp i n g p r a c t i c e ,  w h i c h  e n ha n c e s  i n f i l t r a t i o n  of  
wate r t h r o u g h  the s o i l  p r of i l e. Pond i ng t i me d i f f e r e n c e s 
whe r e  no t f o u nd i n  1 9 8 4  d u e  t o  t h e  z e r o  s ur f a c e  r u n o f f  f o r  
both t i l l age prac t i ce s. Pa r amete r ,  TS , i s  the t ime f rom the 
z e r o  v a l u e  o n  th e i n f i l t r a t i o n  t i me s c a l e t o  t h e  p o n d i n g  
time, Tp. Inf i l t r ation dept h  {FF )  is the d i f f e r ence be tween 
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- appl i cation depth and s urfac e runoff. 
I n f i l t r a t i o n  r a t e s  g � n e r a l l y  v a r y  d u r i n g a n  
i r r i g a t i o n  e v e n t  i n  c o n t r a s t w i t h  a n  a s s um e d  c o n s t a n t  
. hyd r au l ic conduc t i v ity (K ) . Ther ef o r e  the mov ement o f  wate r 
int o  the s o i l  and the inf l uen�es  of d i f f e r ent f act o r s  l i k e  
spr i nk l er type s ,  t i l l age pract ices and year s w e r e  descr ibed 
by u s ing Gr een-Ampt hydr au l ic conduc tiv ity {K)  v al ues  which 
e l iminated the time f actor  dur ing an ev ent. 
Av e r a g e  hy d r a u l i c c o n d u c t i v i ty v a l u e s f o r  t h e  tw o 
t i l l ag e  p r ac t i c e s , t h r e e s p r i n k l e r s  and t h r e e  y e a r s a r e  
pr esented in Tab l e 4 .  Least squa r e s  means { ad j u s t ed means ) 
w e r e  u s e d  b ec a u s e  o f  m i s s i ng d a ta f o r  some o f  th e p l o t s . 
The av erag e  hyd r au l ic  condu c t iv ity v al ues for  the non- r ipped 
p l o t s w a s  4 0  p e r c e n t  l ow e r  t h an t h e  v a l u e s  f o r  t h e  r i pp e d  
pl ot s.  The ov e r a l l av erage hydr aul ic conduc t i v i ty was 1 8 . 1  
- mm/ h f o r  t h e  n o n- r i pp e d  p l o t s  a s  c ompa r ed w i t h 3 0 . 0 mm/ h 
f o r  t h e  r i p p e d  p l o t s .  A l s o ,  a h i g h e r hy d r a u l i c 
c o ndu c t i v i ty w a s  f o u n d  f o r  t h e  1 9 8 4  d a t a  s e t  t h an f o r  t h e  
19 82 and 1 9 8 3  data set s. Av erag e  hydrau l ic conduc t i v i t i e s  
fo r t h e  two t i l l age pr ac t ices  and the th r ee spr ink l e r s  w e r e  
1 8 • 9 , 2 0 • 5 a n d  3 3 • 0 m m/ h f o r 1 9 8 2 , 1 9 8 3 a n d  1 9 8 4 , 
respect i v e l y. The a v e r age hyd rau l ic conduct i v it i e s  f o r  al l 
. ' 
s pr ink l e r s  w i th the non- r ipped t i l l age prac t i c e  we r e  1 1 .8 , 
1 6 .  5 and 2 5 .  9 mm/ h i n  1 9 8 2 , 1 9 8 3 and 1 9  8 4 , r e s p e c t  i v e 1 y .  
Al s o  av e r a g e  hy d r a u l i c  c o nd u c t i v i t i e s f o r  a l l s p r i n k l e r s  
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Tab l e  4 .  Hydraul ic  condu c t iv i ty ( K )  means for  th r e e  
spr ink l e r type s , two s ec ondary til l age prac t ic e s  a n d  three 
exper imen tal year s .  
Til lage Prac t i c e  
Year Spr inkl e r  Non- r ipped 
K ( mm/ h )  
Ripped 
K ( mm/ h )  
1 9 82 
1 9 83 
1 9 8 4  
Spray-1 0 4  
Impac t-17 2 
Impact-3 44 
Spray- 1 0 4 
Impac t- 1 7 2 
Impact-3 4 4  
Spr ay- 1 0 4 
Impac t-17 2 
Impact- 3 4 4 
Ov e r al l  average 
17 . 7  
1 2 . 7  
5 . 0 
Ave r age 1 1 . 8  
2 2 . 0  
21 . 4  
6 . 2 
Av e rage 1 6 . 5  
4 2 . 4  
2 6 . 7  
8 . 7  
Ave r age 2 5 . 9  
18 . 1  
42 . 2  
23 . 7  
1 2 . 1  
26 . 0  
43 . 8  
22 . 4  
7 . 2 
2 4 . 5  
7 0 . 1  
3 8 . 4  
1 1 . 4  
4 0 . 0  
3 0 . 0  
Av e r age 
K ( mm/ h )  
1 8 . 9  
2 0 . 5  
3 3_ . 0 
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w i t h  t h e  r i pp e d  t i l l a g e  pr ac t i c e  w e r e  2 6 . 0 , 2 4 . 5  a n d  4 0 . 0  
rnm/ h, r e spect i v e l y. A d i ff er ence in hyd r au l ic conduct iv ity 
among the spr ink l e r s  al s o  appea r s  to be pr esent whe n  ov e r al l 
spr ink l e r av e r ages a r e  compa r ed. The ov e r al l av e r ages  f o r  
the spr ay-1 0 4 , impact- 1 7 2  and impact-344  w e r e  3 9 . 7 , 2 4 . 2  and 
8 . 4 ,  r e s p e c t i v e l y . T h e s e  v a l u e s  i n d i c a t e d  t h a t s o i l 
hyd rau l ic  conduc t i v i ty may be dependent upo n the app l i cat ion 
rates of the spr ink l e r s. The h i ghest hydr au l ic conduc t i v ity 
o f  7 0 . 1 mm/ h w a s  f o u n d  in 1 9 8 4  f o r  s p r ay- 1 0 4  s p r i n k l e r 
with ripping as  the s econdary t i l l age prac t ice. The l owest 
hydrau l ic condu c t i v i ty v al ue of 5 .0  · mm/ h was f ound for  the 
i mpa c t - 3 4 4  sp r i n k l e r w i t h  non- r i pp e d  as t h e  s e c o n d a ry 
t i l l age prac t i c e  in 1 9 82 .  Al so unde r impact- 1 7 2  spr ink l e r s  
hyd r au l ic  conduc t i v it i e s  d i d  not change a s  t h e  r e su l t  of the 
r i pp i n g  p r ac t i c e  f o r  1 9 8 3 .  Du r i n g  1 9 8 3 and 1 9 8 4 r i p p i n g  
p r ac t i c e s  d i d  n o t  s h ow mu c h  i nf l u e nc e d  o n  hy d r au l i c 
c o n d u c t i v i t i e s f o r  impa c t - 3 4 4  s p r i n k l e r ,  a s  c o mpa r e d w i t h 
non- r ipped p l ot s. 
An a n a l y s i s  o f  v a r i anc e p r o c e d u r e w a s  u s e d  t o  
i d e n t i fy t h e  f a c t o r s  tha t s i g n i f i c an t l y  i n f l u en c e  t h e  
hy d r au l i c c o n d u c t i v i ty v a l u e s .  T h e  f ac t o r s  u s e d i n  t h e  
- analys i s  we r e  spr ink l e r type s ,  t i l l age prac t i c e s  a n d  yea r s. 
Tab l e  5 p r e s en t s  a s umma ry of an a l y s i s  o f  t h e  v a r i an c e .  
A S t a t i s t i c a l  an a l y s i s r ev e a l ed a s i gn i f i c a n t  ef f e c t  o f  
S p r i n k l e r type , t i l l ag e  p r ac t i c e  a nd y e a r s  o n  hy d r a u l i c 
Tabl e  5 .  Analy s i s o f  v a r iance of hydr aul ic  conduc t ivity 
val ue s . 
Mean squa r es 
of hyd raul ic 
Source DF condu c t iv t iy F v al ue 
Spr inkl e r  2 4 8 8 6 8 . 5  2 1 9 . 2  
Plot { Spr ink l er ) 6 2 2 3 . 0  
Til lage 1 20 0 0 8 . 4  2 0 1 . 5  
Spr ink l er x T i l l age 2 6 0 0 4 . 0  6 0 . 6  
Tillage x Plot { Sp r i nk l e r ) 6 9 9 . 3  
Year 2 1 9 6 0 9 . 9  1 40 . 0  
Spr ink l e r  x Year 4 2 9 8 2 . 3  2 1 . 3  
Year x Plot { Spr inkl e r ) 1 1  1 4 0 . 0  
Til lage x yea r 2 8 40 . 5  3 . 6  
Spr ink l er x T il l age x Year 4 2 3 4 . 4  
Total 40 
* { p < 0 .  OS ) 
* *  { p < 0 . 0 1 ) 
53  
* *  
* *  
* *  
* *  
* *  
* 
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c o n du c t i v ity. T h e i n t e r a c t i o n  b e t w e e n  s p r i n k l e r a n d  
t i l l ag e ,  spr ink l er and year and t i l l age and y ear w e r e  a l so 
s t at i s t i c a l l y  s i g n i f i c an t .  F u r t h e r  s t a t i s t i c a l  a n a l y s e s  
w e r e c o n d u c t e d  t o  i d e n t i f y t h e  s p e c i f i c  d i f f e r e n c e s  
indi cated by the s i gnif i cant F v a l ues. 
A l e a s t  s i g n i f i c an t  d i f f e r enc e a n a l y s i s of t h e  
hydr au l ic condu c t iv ity dat a f o r  the spr ink l e r s  and t i l l age 
pr acti ces indicated that the r ipped v a l ue s  were h i gher than 
t h e  non- r i pp e d  v a l u e s  f o r  t h e  s p r a y- 1 0 4  a n d  impac t - 1 7 2 
sp r i n k l e r s  b u t  w e r e  not  d i f f e r en t  f o r  t h e  i mp a c t- 3 4 4 
s p r  i n k  1 e r s  ( Tab l e 6 ) . S in c e  t h e  r u n o f f  v a l u e s  f o r  t h e  
i m p a c t - 3 4 4 s p r i n k l e r s  w e r e  r e l a t i v e l y  s m a l l ,  t h e  
inf i l tr at ion rate of the non- r ipped soi l was abo ut equ a l  t o  
the app l ication r ate.  Thus , t h e  impact o f  t h e  i nf il t r at i on 
enhanc ement · t i l l age pr ac t i c e  coul d not be de tected f o r  the 
impac t-3 4 4  spr ink l er t r eatment. It appear s t hat the r ipped 
t i l l age prac ti c e  was no t an eff ec t i v e  pr ac tic e f o r  u s e  w i th 
t h e  i m p a c t - 3 4 4 s p r i n k l e r o n  a L o w r y s i l t  l o a m  w i t h  
appl ication depths o f  l es s  than 2 5  mm. 
T h e  m a x i mu m  hy d r a u l i c  c o ndu c t i v ity v a l u e  w a s  5 1 . 8 
mm/ h f o r  t h e  s p r a y- 1 0 4 ,  r i pp e d  t r eatment c o n d i t i o n  an d t h e  
m i n imum v a l u e w a s  6 . 7 mm/ h f o r  t h e  impac t- 3 4 4 ,  n o n - r i pp e d  
t r eatment c o nd i t i o n . T h e  hy d r a u l ic c o n d u c t i v i ty v a l ue 
diff erenc es betw een the two t i l l age practices  were  2 4 .4 , 7 .9 
and 2 . 4 mm/ h  f o r  t h e  s p r ay- 1 0 4 ,  impac t- 1 7 2  and  impa c t - 3 4 4  
Tabl e 6 .  Hydraul i c  conduc t iv ity ( K )  mean s f o r  th r e e  
spr i nk l er type s and two secondary t i l lage p r ac t ice s .  
Spr inkl er Til l age L east squa r e  mean Stat i st ical 
Prac t ic e  K ( mm/h ) grouping 
Spr ay-10 4 Non- r ipped 27 . 4  
Spray- 1 0 4 Ripped 5 1 . 8  
Impact-17 2 Non- r i pped 20 . 3 · 
Impact-17 2 Ripped 2 8 . 2  
Impac t- 3 4 4  Non- r ipped 6 . 7 
Impact-3 4 4  Ripped 9 . 1 
Note : compa r i son s w e r e  only made between t i l lage 







* Within compa r i sons , means w i th the same l ette r ar e 
not d i f f e r ent . ( P  < 0 . 0 5 )  
* 
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sprink l e r s ,  r es pec t i v e l y. Thus the d if f e r enc e s  appear  t o  b e  
r el at ed to t h e  app l icat ion intens i t ies o f  the spr i nk l e r s. 
The 1 9 8 4  hyd r au l ic conductiv ity v al ues wer e  hi ghe r 
t h a n  t h e  1 9 8 2 and  1 9 8 3 v a l u e s  f o r  a l l th r e e  s p r i n k l e r s  a s  
indicated b y  the l east s i gnif icant diff er enc e ana l y s i s  
(Tab l e  7 ) . Ther e  was no stat i st ica l d i f f e r enc e b e tween the 
1 9 8 2 and 1 9 8 3 v a l u e s  f o r  the s p r a y- 1 0 4  s p r i n k l e r . D u r i n g  
1 9 8 4 ,  th e hyd rau l ic conduct i v ity was a l most two t ime s h igher 
t han in 1 9 8 2 and 1 9 8 3 . F o r  the impa c t - 1 7 2 ,  a s t a t i s t i c a l  
ana l y s i s  ind i cated that hyd r au l ic  conduct i v i t i e s  w e r e  d i f­
f e r ent for  a l l three e xpe r iment a l  years.  Unde r the impact-
3 4 4 spr i nk l e r ,  hyd r au l ic conduct i v ity was the same for  1 9 8 2 
and 1 9 8 3 .  S t a t i s t i c a l a n a l y s i s  i nd i c a t e d  t h a t  t h e r e  wa s 
al so no d i f f e r ence b etween 1 9 8 2  and 1 9 8 4  v a l ue s. The g r eat­
e s t  hy d r a u l i c c o n d u c t i v i t y  v a l u e  wa s 5 6 . 3  mm/ h f o r  t h e  
spr ay-1 0 4  spr ink l e r s  i n  1 9 8 4 .  The smal l est hyd r au l ic con­
d u c t  i v i t  y v a 1 u e wa s 6 • 7 mm/ h f o r impa c t- 3 4 4 s p r i n k  1 e r s i n  
1 9 8 3 .  The av e r age hyd r au l ic conduct i v ities f o r  t h e  spray-
1 0 4 ,  impa c t - 1 7 2  a n d  impac t - 3 4 4  s p r i n k l e r s  w e r e  3 9 . 5 , 2 4 . 3  
a n d  8 .  4 mm/ h f o r  1 9 8 2 , 1 9 8 3 a n d 1 9 8 4 , r e s p e c t  i v e 1 y .  
G e n e r a l l y , hyd r au l i c c o n d u c t i v i t y unde r t h e  s p r a y- 1 0 4  
sp r i nk l e r w a s  g r e a t e r than t ha t  of t h e  t h e  tw o o t h e r  
spr ink l e r type s whi c h  i s  con s istent with the data ana l y s i s  
pr es ented i n  Tab l e 6 .  
A l east s i gn i f icant d i f f e r ence anal ys i s  o f  t i l l age 
Tab l e  7 .  Hyd r aul i c  condu ctiv i ty ( K )  mean s  f o r  th r ee 
spr ink l er type s and th r ee year s .  
Spr inkl er Year L east square mean Stat i s t ical 
K ( mm/ h )  gr oup i ng * 
Spr ay-1 0 4  1 9 8 2  29 . 9  A 
Spr ay-1 0 4  1 9 8 3 3 2 . 5  A 
Spr ay-1 0 4  1 9 8 4  56 . 3  B 
Impact-1 7 2  1 9 8 2  1 8 . 3  A 
Impact-17 2 1 9 83 21 . 9  B 
Impact-1 7 2  1 9 8 4 3 2 . 6  c 
Impact-3 4 4  1 9 8 2 8 . 5 A 
Impact-3 4 4  1 9 8 3  6 . 7 A 
Impact-3 4 4  1 9 8 4  1 0 . 1  
Note : compa r i son s  we r e  only made among yea r s  w i thin 
spr ink l e r s . 
* Within compa r i sons , means with the same - l ette r ar e 




p r ac t i c e s  an d y e a r s  
c o n d u c t i v i t y v a l u e s  
signif i c ant l y  d i ff e r ent 
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dat a i n d i ca t e d  t ha t  hy d r a u l i c  
f o r  1 9 8 2 , 1 9 8 3  a n d  1 9 8 4  w e r e  
o n  th� no n- r ipped p l ots (Tab l e  8 } . 
T h e  r i pp e d  p l o t hy d r a u l i c c on d u c t i v i ty v a l u e s  s h ow no 
sign if i cant diff e renc e between the 1 9 82 and 1 9 83 mean s ,  b ut 
the 1 9 8 4  val ue was s i gni f icant l y  diff er ent f rom the 1 9 8 2 and 
1 9 8 3  v a l u e s .  Th e h i g h e s t  hyd r au l i c c o n d u c t i v i t y  v a l u e o f  
4 0 • 0 mm/ h was f o u n d  f o r  t h e  r i p p e d p 1 o t s i n  1 9 8 4 .  T h e  
l owes t  hydrau l ic conductiv ity val ue o f  1 1 .8 mm/ h was found 
fo r the non- r i pped p l ots  in 1 9 82 .  
The  inte ract i v e  eff ec t s  among spr ink l er type s ,  year s 
an d t i l l ag e  p r ac t i c e s  h av e  b e e n  ana l yz e d  an d i d e n t i f i e d 
( Tab l e s 6 ,  7 ,  and 8 } . Now i n d i v i d ual e f f ec t s  o f  sp r i n k l e r 
type s ,  t i l l ag e  prac t i c e s  and year s on hydraul ic  condu c tiv i ty 
w i l l be examined. 
T h e  s t a t i s t i c a l  anal y s i s s how ed that t h e  1 9 8 2  an d 
1 9 83 hydrau l ic condu c t i v i ty val ues we r e  no t s i gnif i cant ly 
d i f f e r e n t  f r om eac h o t h e r ,  b u t  t hat t h e  1 9 8 4  v a l ue w a s  
signi f ican t ly d if f e r en t  f r om the 1 9 82 and 1 9 8 3 v al ues (Tab l e  
9 } . T h e  a v e r ag e  hy d r au l i c  c o nduc t i v i ty f o r  t h e  1 9 8 2 an d 
1 9 8 3 was 4 0  p e r c e n t  l ow e r  t han 1 9 8 4 v al u e .  T h e  h i g h e r  
hy d rau l i c  c o n d u c t i v i ty ( 3 3 . 0  mm/ h }  in  1 9 8 4  can po s s i b l y  b e  
att r ibuted t o  the dec r eas e i n  s u rface seal ing which r es u l ted 
in l ess r unof f in 1 9 8 4 . 
The ef f ec t s  of spr ink l e r type s and s econdary t i l l age 
Tab l e  8 .  Hydraul ic condu c t iv i ty ( K }  means f o r  th r e e  years  
and two sec onda ry t i l l age pract ices . 
T i l l age Year L east squar e  mean S tat i s t i cal 
Prac t i c e  K ( mm/h) g r ouping * 
Non- r ipped 1 9 8 2  1 1 . 8  A 
Non- r i pped 1 9 83 1 6 . 5  B 
Non- r ipped 1 9 8 4  2 6 . 0  c 
Ripped 1 9 8 2 2 6 . 0  A 
Ripped 1 9 8 3  2 4 . 0  A 
Ripped 1 9 8 4 40 . 0  B 
5 9  
Note : compa r i sons w e r e  only made between t i l l ag e  p r act i c e s  
w i th i n  yea r s . 
* Within compa r i sons , me ans w i th the same l etter ar e not 
d if f e r ent ( P  < 0 . 0 5 ) . 
Tabl e 9 .  Hydr aul ic condu c tiv ity ( K ) mean s fo r 1 9 8 2 -1 9 8 4 . 
Year 
1 9 8 2  
1 9 8 3 
1 9 8 4 · 
Least squ� r e s  mean 
K ( mm/h) 
1 8 . 9  
20 . 4  
3 3 . 0  
Stati s t i c al 




* Means w i th the same l ette r ar e no t d i f f e r ent ( P  < 0 . 0 5 ) . 
6 0  
6 1  
p r ac t i c e s  o n  hy d r a u l i c  c o n d u c t i v i ty t h r o u g h  h a l f o f  t h e  
g r ow i ng s e a s o n  w e r e e v a l u a t e d .  On l y  l im i t e d  i n f o rm a t i o n  
wa s av a i l a b l e t o  d e s c r i b e  the c a u s e s  o f  h i g h e r hy d r a u l i c  
conduc t i v ity i n  1 9 84 when compa r ed w i th 1 9 82 and 1 9 83 .  The 
ac c umu l a t i o n  of r e s i d u e  f r om 1 9 8 2 t o  1 9 8 4  c o u l d h av e  b e e n 
one  of  t h e  c a u s e s  w h i c h  p r ot e c t e d  t h e  so i l  s u r f ac e  f r om 
c r u s t i n g ,  t h e r e f o r e l e s s  s u r f a c e  r u no f f  o c c u r r e d i n  1 9 8 4 .  
F i e l d  data measur ement s showed z er o  runof f v al ues f o r  mo st 
ev ent s dur ing 1 9 8 4 .  
Hyd r au l ic conduct i v ity means v al ue s  fo r th e spray-
1 0 4 ,  impac t- 1 7 2  an d impac t - 3 4 4  s p r i n k l e r s  w e r e 3 9 . 6 , 2 4 . 4 
and 8 . 4  mm/ h , r espec t i v e l y  (Tab l e  1 0 ) . Thes e  data r ev ea l ed 
t ha t  th e i n c r e a s e d  w a t e r  app l i c a t i o n  r a te s s i g n i f i c a n t l y  
reduc ed the hyd r au l ic  conduc t i v ity. 
Th e inf l uence of t i l l age on hyd raul ic c ondu c t i v i ty 
w a s  a l s o  s t u d i e d .  T h e  r i pp e d  p r a c t i c e  s h o w e d  h i g h e r  
hydrau l ic conduc t i v i ty than the non- r ipped pr ac t i c e  (Tab l e 
1 1 ) . The hydr au l ic conduct i v ity val ue is  6 6  pe rcent h i gher 
for  the r ipped tr eatment than the non- r ipped t r ea tment. The 
hydrau l ic conduct i v ity v a l ue for the r ipped p l ot s  w as 3 0 .0 
mm/ h  c omp a r e d  w i t h  1 8 . 1 mm/ h und e r  non- r i pp e d  p l o t s . T h e  
r ipp ing p r ac t i c e  c r eated desi rab l e phys ica l  soi l cond i t i ons 
w h i c h  can i n c r e a s e  t h e  i n f i l t r a t i o n  c a pac i ty when s u r f a c e  
runoff  is  a pr ob l em. 
Tab l e  1 0 . Hyd r aul ic  c ondu c t iv i ty ( K )  mean s for  thr e e  
spr ink l er type s .  
Spr inkl er type Least squares mean Stat i s t i c al 
K ( mm/ h )  g r ouping * 
·spr ay-1 0 4  3 9 . 6  A 
Impac t- 17 2 2 4 . 4  B 
Impact-3 4 4  8 . 4  c 
* Means with the same l ette r ar e not d i fferent ( P  < 0 . 0 5 ) . 
6 2  
6 3  
Tabl e 1 1 . Hyd r aul ic  conduc t iv ity ( K )  mean s f o r  tw o t i l lage 
pract i c e s . 
Til l age pr ac ti c e  
Non-r ippe d 
Ripped 
Least squares  mean 
K ( mm/ h )  
1 8 . 0  
3 0 . 0  
S ta t i s t i cal 
g r ouping * 
A 
B 
* Mean s with the same l e tter are  not differ ent ( P <O . O S ) . 
6 4  
Seasonal Effect o n  Hydr aul ic Conductivity 
A t o t a l  o f  6 4 1 hy d r a u l i c  c o n d u c t i v i ty v a l u e s  w e r e  
u s e d  t o  i n v e s t i g a t e  t h e  c han g e  i n  hy d r a u l i c  c o n d u c t i v i ty 
dur ing the i r r i gation season for  al l three spr ink l e r types 
and two t i l l ag e  prac t ic es dur ing 1 9 8 2 , 1 9 83 and 1 9 8 4 . Thr ee 
gene r al trends w er e  ev i dent f rom an in spect i on o f  th e data. 
The r e  wa s a dec r ease  i n  hyd r au l ic conduct i v i ty wi th t ime , an 
un c h an g i ng hy d r a u l i c  c o n d u c t i v i ty an d a g e n e r a l i nc r e a s e  
w i t h  t im e .  D a t a  w h i c h  s h ow t h e  de c r e a s e d  an d u n c h a n g i n g  
t r ends  a r e  i l l u s t r a t e d  i n  F i g u r e s  1 4  and 1 5 . T h e r e  i s  a 
w i d e s c a t t e r  of  da t a  v a l u e s  ab o u t  t h e  l in e  of b e s t  f i t . 
The se f igu r e s r epr esent two cases , the worst and r e l ati v e l y  
good co r r e l ation cond i t i on s between actual data v al ue s and 
p r ed i c t e d  v a l u e s .  A po l y no m i a l  r e g r e s s i o n a n a l y s i s  w a s  
used f o r  the dev e l opment o f  mathematical  mode l s  t o  r ep r esent 
the r el ationsh ips betw een hydr au l ic c onduct i v ity v a l ues and 
t i m e  d u r i n g  t h e  i r r i g a t i o n s e a s o n  f o l l o w i n g  t h e 
imp l ementat ion of secondary ti l l age pr ac t i ce. An F test  was 
used to dete rmine no n- z e r o  pa ramete r s  v al ue s  for the mod e l s. 
T a b l e 1 2  p r e s e n t s t h e  m o d e l p a r am e t e r s  a n d  
c o ef f i c i e nt s o f  d e t e r m i n a t i on ( R2 ) f o r eac h mo d e l .  T h e  
pos i t i v e v al ues f o r  Bo a r e  hyd rau l ic conduct i v ity v a l ues  f o r  
the  s p r ay- 1 0 4 ,  impac t - 1 7 2  a n d  impac t-3 4 4  s p r i n k l e r s  w h e n  
t i me i s  z e r o .  T h e  n e g a t i v e  v a l u e s  f o r  Bl  i n d i c a t e  t h a t  
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F igu r e 1 4 . Re l at ionsh ip b e tw e en hy d r au l ic conduc t i v ity v al u e s  a n d  t i m e  
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F i g u r e  1 5. Re l a t i o n s h i p  b e tw e en hy d r a u l i c c o n d u c t i v i ty v a l u e s  a n d  t i m e 
f o l l ow i n g the impl emen t a i o n  of t h e  s e c on d a ry t i l l a g e  pr ac t i c e  f o r  t h e  
impa ct- 3 4 4  s p r i n k l e r  a n d  t h e  r i pp i ng p r ac t i c e  ( R ) du r i ng 1 9 8 4 . 
� 
� 
6 7  
� 
Tabl e 1 2 . Model par ameter s used to repr e sent the 
r el ati onsh ip between hyd r aul ic  conduct i v i ty ( K ) and days 
for  the l as t  h al f  of the growing season . 
Spr ink l e r s/T i l l ag e  
Spr ay-1 0 4-NR t 
Spr ay- 1 0 4-NR 
Spr ay-1 0 4-NR 
Spr ay-1 0 4- R 
Spr ay-1 0 4- R 
Spa ry-1 0 4 - R 
Impac t-1 7 2 -NR 
Impact-17 2-NR 
Impact- 1 7 2 -NR 
Impact-1 7 2- R 
Impact- 172- R 
Impact-1 7 2 - R 
Impact-3 4 4-NR 
Impact-3 4 4-NR 
Impact-3 4 4-NR 
Impact-3 4 4- R 
Impac t-3 4 4- R 
Impact-3 4 4 - R 
Year 
1 9 8 2. 
1 9 8 3 
1 9 8 4  
1 9 82 
1 9 8 3  
1 9 8 4  
1 9 8 2 " 
1 9 83 
1 9 8 4  
1 9 8 2 
1 9 83 
1 9 8 4  
1 9 8 2  
1 9 83 
1 9 8 4 
1 9 82 
1 9 8 3 
1 9 8 4  
B o  
5 4 . 1  
7 4 . 4 
6 4 . 6  
7 1 . 9  
6 2 . 5  
6 3 . 7  
45 . 2  
3 1 . 0  
3 1 . 7  
3 4 . 6  
3 1 . 1  
3 2 . 8  
1 1 . 9  
8 . 0  
9 . 1 
1 0 . 6  
8 . 2 
1 0 . 2  
B1 
- 4 . 2 2 
-3 . 6 4  
-4 . 7 6  
-1 . 6 6  
-2 . 43 
-1 . 2 8  
-4 . 1 4  
-1 . 5 1 
-0 . 2 2 3  
-0 . 7 3 0 
-1 . 1 6 
-0 . 8 0 5  
-0 . 51 8  
-0 . 6 0 9 
-0 . 0 17 
0 . 0 53 
-0 . 0 6 3 
0 . 0 46 
B2 
0 . 1 40 
0 . 0 5 4  
0 . 2 3 4  
0 . 0 1 6  
0 . 0 8 8  
0 . 1 2 8  
0 . 1 46 
0 . 0 6 9  
0 . 0 
0 . 0 0 9  
0 . 0 4 8  
0 . 0 7 7  
0 . 0 0 8  
0 . 0 27 
0 . 0 
0 . 0 
0 . 0 3 3  
0 . 0 
B3 
-0 . 0 0 1 4  
o . o 
-0 . 0 0 3 2 
o . o 
-0 . 0 0 0 9 
-0 . 0 0 2 2 
-0 . 0 0 1 5 
-0 . 0 0 0 9  
o . o 
o . o 
-0 . 0 0 0 6  
-0 . 0 0 1 2  
o . o 
-0 . 0 0 0 3  
0 . 0 
0 . 0 
-0 . 0 0 0  4 
0 . 0 
NOTE : The equati on of  the statist ical model i s : 
Y= Bo + B1 * X + B2 * x2 + B3 * x 3 
R� 
0 . 5 4 
0 . 4 8  
0 . 3 1  
0 . 7 1  
0 . 4 2 
0 . 57 
0 . 5 0 
0 . 7 4  
0 . 1 2  
0 . 3 5  
0 . 40  
0 . 5 9  
0 .  47 
0 . 7 4  
0 . 0 6 
0 . 0 7  
0 . 5 4  
0 . 0 5  
wher e 
and 
Y = dependent var i ab l e  ( hydr aul ic c onduct iv ity )  
X = indepen dent var iabl e ( day) 
t NR- Non- r ipped 
R- Ripped 
6 8  
i r r i g a t i o n  s e a s o n .  T h e  c o ef f i c i e nt s ,  B2 , w e r e z e r o  o r  
po s i t i v e  w h i c h t e n d s  t o  mo d e r a t e  th e i nf l u en c e  o f  t h e  B l  
v al ues. The B3 v al ues wer e smal l negat i v e  o r  z er o  v al ues.  
The coef f ic i ent s of  dete rmination v a l ue s  (R2 ) wer e gener al l y  
l ow for  a l l thr e e  spr ink l e r s. Th e av erage val ue of ( R2 ) 0 . 46 
f o r  t h r e e s p r i n k l e r s  i n d i c a t e d  t ha t  v a r i a t i o n  amo n g  t h e  
hy d r a u l i c c o n d uc t i v i t i e s  w e r e n o t  e xp l a i n e d  p r o p e r l y  by 
the se mode 1 s .  
A p l o t of  p r ed i c t e d  hy d r au l i c  c o nd uc t i v i ty v a l u e s 
v er s u s  days fo r the s pr ay- 1 0 4  k Pa (15  ps i)  spr i nk l e r s ,  the 
two secondary t i l l age p r ac t i c e s ,  r ipped and non- r ipped and 
th r e e  s t u dy y e a r s  w a s  c omp l e t e d  f o r  c o mp a r i s o n  p u r po s e s 
( F i g u r e  1 6 ) . D ay o n e  i s  t h e  t i m e  o f  t h e  f i r s t  m e a s u r ed 
i r r i g a t i o n  e v e n t  af t e r  r i pp i n g .  Du r i n g  1 9 8 2  a n d  1 9 8 3 , 
hyd r au l ic conduct i v i t i e s  gene r al l y  dec r eased toward  the end 
of the g r owing s eason. Suc h  a r e l ation ship d i d  not occ u r  in 
1 9 84  for e i ther  ti l l age pr ac t ice.- Hydr aul ic condu c t i v i t i e s 
d e c r e a s e d  u n t i l  day 9 ,  s t a r t e d  t o  i n c r e a s e f o r  t h e  n e x t  1 7  
day s and  t h e n  de c r e a s e d  a g a i n  f o r  t h e  r e s t  of  t h e  g r ow i n g  
season. Hydraul ic conduc t i v i ti e s  i n  1 9 82 and 19 83 f o r  the 
r ipped p l ot s  were h igher than for the non- ripped p l ot s .  The 
highes t hyd r au l i c  condu c t i v ity v al ue of 78  mm/ h was fo und in 
1 9 8 4  f o r  t h e  r i p p e d  p l o t s .  ·T h e  l ow e s t  h y d r a u l i c  
c on d u c t i v i ty o f  9 . 0 mm/ h w a s  f o u n d  i n  1 9 8 2  f o r t h e  no n -
ripped p l ot s. 
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D a y s  
F i g u r e  1 6 . R el a t i o n s h i p  b e tw e e n  hy d r a u l i c  c o n d u c t iv i ty a n d  d ay s  f o r  t h e  
spr ay � l 0 4  spr i n k l e r s  o n  t h e  n o n- r i pp e d  ( NR )  a n d  r ippe d  p l o t s d u r i n g  t h e  
l a s t  hal f o f  t h e  1 9 8 2 - 1 9 8 4  g r ow i n g  s e a s o n . 0\ \.0 
7 0  
T h e  hy d r a u l i c  c on d u c t i v i ty f o r impac t - 1 7 2 k P a  ( 2 5 
ps i )  w i t h  t h e  two s e c o nd a ry t i l l ag e  p r ac t i c e s  f o r  1 9 8 2  t o  
1 9 8 4  i s  sh own i n  F i g u r e  1 7 . D u r i n g  1 9 8 2 and 1 9 8 3  f o r t he 
r i pp e d  p l o t s ,  hy d r au l i c  c o ndu c t i v i ty d e c r e a s e d  g r ad u a l l y  
toward the end o f  the se ason. Hydrau l ic conduc t i v i ty a t  the 
b e g i nn i n g  of t h e  g r ow i n g  s e a s o n  w a s  b e tw e e n  3 0  to 4 0  mm/ h 
f o r  a l l t h r e e  y e a r s .  Hyd r a u l i c c o n d u c t i v i ty i nc r e a s ed 
th r o u g ho u t  s e a s � n  f o r  t h e  r i pp e d  c o nd i t i o n i n  1 9 8 4 .  T h e  
hi ghest hy drau l ic conduc t i v i ty v al ue o f  45 mm/ h  was f ound i n  
1 9 8 4  f o r  t h e  r i p p e d  p l o t s .  T h e  l ow e s t  h y d r a u l i c  
c o n d u c t i v i ty v a l ue o f  1 0  mm/ h wa s f ound i n  1 9 8 2 f o r  t h e  no n -
r i pped p l ot s. 
The r e l ation s h ip between hydrau l ic conduc t i v ity and 
days for  the impac t-3 4 4  kPa ( SO ps i)  spr ink l e r s  f r om 1 9 8 2  
t o  1 9 8 4  i s  shown i n  F i gu r e  1 8. Lower hydr au l ic  conduct i v ity 
was found under the impact- 3 4 4  spr i nk l er s  than s pr ay- 1 0 4 and 
impact-1 7 2  spr ink l e r s. In al l th r ee exper imenta l  yea r s ,  the 
hy d r au l i c c o n d u c t i v i ty f o r  the impa c t - 3 4 4  s p r i n k l e r s  wa s 
al most constant for  the ent i r e  sea son. Th e d i ff e r ence s  in 
hydraul ic conduc t i v i ty between r ipped and non- r ippe d p l ot s  
w a s  n o t  s i gn i f i c a n t  ( T ab l e 6 ) . I t  w a s  c o nc l ud e d  t h a t  t h e  
r i pp i n g p r ac t i c e d i d  n o t  i n c r e a s e  hy d r a u l i c  c o n d u c t i v i ty · 
w hen c o mp a r e d w i t h  n o n - r i pped p l o t s  f o r  t h e  a pp l i c a t i o n 
depth used in the study. 
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F i gu r e  1 7 . Rel at i on s h i p  b e tw ee n  hy d r au l i c  conduct iv i ty and day s f o r  t h e  
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Day s  
F i g u r e  1 8 . R e l a t i on s h i p  b e twee n hy d r a u l i c  c ondu c t iv i ty a n d  d ay s  f or t h e  
i mpac t - 3 4 4  spr i n k l e r s  o n  t h e  non- r i pped ( NR )  and r i pped pl o t s d ur ing t h e  
l a s t  h a l f o f  t h e  1 9 8 2 - 1 9 8 4  g r ow i n g  s e a so n .  
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Appl ic ation Qf Res ults � Irr igat ion Management P r ac t ices 
T h e  G r e e n- Ampt - M e i n- L a r s o n i n f i l t r at i on mode l  was 
u s e d  to i nv e s t i g a t e  t h e  impa c t  of  i r r i g a t i o n ma n a g ement 
pr act ices  (not used i n  t h i s  f i e l d  s tudy) on sur f ac e  r unof f .  
T h e  mo d e l  w a s  d e v e l o p e d  b y  u s i n g t h e  m a x i m u m  r u n o f f 
c o n d i t i o n  w h i c h  o c c u r r e d d u r i n g  1 9 8 2 .  T h e r e f o r e  1 9 8 2  
hyd r au l ic condu c t i v i ty v al ues were sel ected f r om F i gu r es 1 6 , 
1 7  and 1 8  f o r  t h e  b e g i nn i ng ,  m i dd l e  and end o f  t h e  l a s t  h a l f 
of  t h e  i r r i g at i o n s e a s o n  and u s ed i n  t h e  d e v e l o pm e n t  o f  
cal ib r ated inf i l t r at i on mode l s f o r · the expe r iment a l  f i e l d 
s i tuations. Res u l t s f rom th e mod el s can be used to dev e l op 
i r r i g a t i o n man a g em e n t  g u i de l i ne s  f o r  i r r i g at o r  o n  L ow ry 
s i l ty l oam s o i l s w i thout hav ing si gnif icant s u rf a c e  runof f 
problems . 
The procedu r e  which was used to dev e l op and u t i l i z e  
the inf i l t r at ion mod e l s s u rfac e  runof f i s  as f o l l ows : 
1 )  T h e  G r e e n-Ampt - M e i n- L a r s o n  i n f i l t r at i o n  d e p t h  m o d e l , 
equat ion ( 2 7 ) , i s : 
F/ SM - LN ( l+ F/SM )  = K (  TA-TP+TS ) /SM 
2 )  Hydrau l ic conduc t i v i t i e s ,  K ,  f o r  19 82 wer e  s e l ected f r om 
F i g u r e s  1 6 , 1 7  an d 1 8  t o  r epr e s e n t w o r s t - c a s e  s c e n a r i o s  
f o r  the  b e g i n n i n g , m i d  and e n d  o f  the s ea s o n  v a l u e s .  
Tab l e 1 3  s h ow s  t h e  hy d r au l i c  c o nd uc t i v i t i e s  v a l u e s  f o r  
� I • 
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Tab l e 13 . Hyd r aul ic  condu c t iv i ty { K )  v al ues u sed to  
ul ate i r r i gation management pr act ices for  the 
sprink l er s  with two s econda ry t i l l age prac ti c e s  
1 9 82 . 
s im­
three 
du r ing 
Spr ink l e r  I Time 












Til l age pr ac ti c e  
Ripped Non- r ipped 
K { mm/ hr ) K ( nun/ h r ) 
3 9  
15  
11  
3 0  
13  
1 3  
1 0  
7 
7 
6 5  
40 
3 0  
3 2  
2 5  
23 
1 3  
1 3  
1 3  
i B - Begi nn ing of  the i r r gation season { l ate  J une ) 
M- Mid i r r i gation s eason { late July)  
E- End of the i r r i gat i on season ( late August ) 
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al l three spr i nk l e r s . 
3 )  By know ing hyd r au l ic conduct iv i t i e s ,  th e pa r amete r  S M  was 
f ound f rom F i gu r e  6 or  equat ion ( 2 8 ) : 
SM = 1 1 3 . 3  * K -0 . 4 97 
4 )  App l i c a t i o n  t im e s  (TA)  w e r e  0 . 2 5 0 , 0 . 4 1 7 and  0 .  7 1 6 h f o r  
t h e  sp r ay- 1 0 4 ,  impa c t - 1 7 2 and impa c t - 3 4 4 s p r i n k l e r s ,  
respec t iv ely . 
5 )  App l i e d  w a t e r v a l u e s , P ,  s u c h  a s  1 2 ,  1 9 ,  2 6 , 3 3 , and 
4 0  mm w e r e  s e l e c t ed to r e p r e s en t  a r an g e  of i r r i g a t i o n 
app l ication depths.  
6 )  Equation ( 1 3 )  was used t o  f ind TP : 
whe r e  
T P  = K * S M  I I (  I - K )  
I = PITA 
7 )  Equat i on ( 1 8 )  was u s ed t o  f ind TS : 
TS = SMIK [ K I I -K - LN ( l  + K I I - K ) ]  
8 )  The inf i l t r at ion d ept h ,  F ,  was determined f rom equat i ons 
( 2 7 )  and ( 4 3 )  w i t h  the  a i d o f  Newton ' s  me t h o d .  
9 )  Su rface r unoff then was f ound b y  subt rac t i ng i nf i l t r at i on 
depth, F ,  f rom app l ication depth ,  P. 
R = P - F 
T h e  c o mpu t e r p r o g r am u s e d t o  d e t e r m i n e  s u.r f ac e  r un o f f i s  
1 i sted i n  Append i x  B. 
.N 
� I I 
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P r e d i c t e d  s u r f a c e  r u n o f f v a l u e s a s  a f un c t i o n  of  
i r r i gation app l ication depth for  the spr ay- 1 0 4 , impac t-1 7 2 
and impa c t - 3 4 4  s p r i n k l e r s  and t he tw o s e c o nd a ry t i l l ag e  
pr act ices  ar e shown i n  F i gu r es 19 , 2 0  and 21 , r es pec t i v e l y. 
T h e  ma x imum app l i c a t i o n  d e pt h s  t ha t  c an b e  u s e d  w i t h o u t  
hav ing s i gn i f icant su r f ac e  r unof f for al l th r ee spr ink l e r s  
d u r i ng t he e a r l y ,  m i d  a n d  l a t e  par t s  of  t h e  i r r i g a t i on 
s e a so n  f o r  b o t h  t i l l ag e  p r ac t i c e s  a r e  su mma r i z ed i n  Tab l e  
1 4 . Th e av e r a g e a pp l i c a t i o n d e p t h s  f o r  t h e  s p r ay-1 0 4 ,  
impac t - 1 7 2 and impac t- 3 4 4 s p r i n k l e r s  and t h e no n - r i pp e d  
p r a c t i c e  w e r e  1 5 . 3 , 1 9 . 3 a n d  2 0 . 3  mm , r e s p e c t i v e l y. T he 
a v e r ag e  a pp l i c a t i o n  d e pt h s  f o r  t h e  r i pp e d  p r ac t i c e w e r e 
2 1 . 3 , 2 3 . 3  a n d  2 4 . 7 m m  f o r  a l l t h r e e  s p r i n k l e r s ,  
r e spe c t i v e l y .  D i f f e r e nc e s  b e tw e en t h e  a v e r a g e  r i ppe d and· 
non- r i pp e d  v a l u e s  w e r e  6 .7 ,  4 . 0  and 4 . 4  mm f o r  a l l t h r e e  
spr ink l e r s ,  respect i v e l y. 
-
B e g i nn i n g  o f  t h e s e a s o n  app l i c a t i o n  d e pt h s  v a r i e d 
f r om 24  to 26 mm fo r the  al l spr ink l e r-ti l l age c omb i na tions 
e x c e pt f o r  t h e  s p r ay - 1 0 4  and non- r i pp e d  c omb i n a ii o n  w h i c h  
had a v a l u e o f  1 9  mm. T h e r e  was sm a l l d i f f e r en c e s  ( 1 . 0 t o  
2 . 0 mm) b e tw e e n  z e r o  r un o f f  app l i c a t i on d ept h s  f o r  t h e  
impa c t - 1 7 2 an d impa c t- 3 4 4  s p r i n k l e r s  v a l u e s f r om t h e  
beginning to the end of t h e  i r r igation season,  howev e r ,  the 
a p p l i c a t i o n d e p t h s  w e r e  n o t  c o n s t a n t  t h r o u g h o u t  t h e  
i r r i g a t i o n  s e a s o n . App l i c a t i o n  d e p t h s  f o r  t h e  i mp a c t - 1 7 2 
� I • 
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runof f f o r  th e impa c t- 1 7 2  s p r i nk l e r s  u s i n g  1 9 8 2 hy d r aul i c  c ondu c t iv i ty 
d a ta . 
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1 2  1 9  3 3  1 2  1 &  2 8  3 3  � 0  
A P P L I C A T I O N  D E P T H ( m m) A P P L IC A T I O N  D E P T H ( m m) 
F i gu r e 2 1 . Rel a t i on s h i p  b e tw e e n  a ppl i ed wate r and p r ed i c t ed s u r f ac e  
runof f f o r  t h e  impac t-3 4 4  spr i n k l e r s  u s i ng 1 9 8 2 hyd r au l i c  c ondu c t iv i ty 
data . ...... 
\0 
Tabl e 1 4 . Predic ted max imum appl ication depths w i tho ut 
s u r f ace r unof f .  
Tillag e  pr acti c e  
Spr ink l e r  I Time Non- r ipped 
depth ( nun) 












1 9  
1 4  
13  
Av e r age 1 5 . 3  
Ave r age · 
Ave r age 
2 4  
17 
17 
1 9 . 3  
2 5  
1 8  
1 8  
2 0 . 3  
Ri pped 
dept h ( nun ) 
2 6  
1 9  
1 8  
--- --
2 1 . 3  
2 5  
2 3  
2 2  
23 . 3  
2 6  
2 4  
2 4  
2 4 . 7  
t B - Beginning of the i r r i gation season ( l ate J un e ) 
M - Mid i r r igat i on season ( l ate July)  
E - End of the i r r i gat ion season ( l ate Augu s t ) 
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and impact- 3 4 4  spr i nk l e r s  dec r eased 1 0  and 2 5  pe rcent f r om . 
t h e  b e g i nn i n g  ( l at e  J un e )  t o  t h e  m i dd l e  ( l a t e  J u l y ) o f  t h e  
s e a s o n  f o r  t h e  r i p p e d  a n d  n o n - r i p p e d p r a c t i c e s ,  
respectively . 
The app l ication depth v al ues for  spray- 1 0 4  spr ink l e r  
w e r e  d i f f e r e nt f r om impa c t- 1 7 2  a n d  impa c t - 3 4 4  s p r i n k l e r s .  
App l i cat i on depth s  f o r  the spr ay-1 0 4  spr ink l e r dec r eased 3 0  
p e r c e n t  f o r  b o t h  s e c o n d a ry t i l l a g e  pr ac t i c e s  f r om t h e  
b e g i nn i n g  t o  t h e m i dd l e  o f  t h e  s e a so n. S u r f ac e  r un o f f c a n 
be el iminated under  the spr ay-1 0 4  kPa spr ink l e r i f  app l ied 
w a te r do e s  not e xc e e d  1 9 , 1 4  and 1 3  mm i n  t h e  b e g i nn i ng ,  
m i d  and l a t e  p e r i o d s of t h e  i r r i g at i on s e a s o n  f o r  no n-
r i pp e d  c o nd i t i o n s .  App l i c a t i o n d e pt h s  o f  2 6 � 1 9  and 1 8  i n  
the beg inning ,  mid and end of the season wou l d pr o v i de z e ro 
su r f ac e  r un o f f f o r  t h e  s p r ay - 1 0 4  s p r i n k l e r  an d r i pp e d  
condi tion . 
D u e  t o  t h e e f f ec t  of t h e  so i l  s u r f a c e  s e a l i ng , 
hydrau l ic conduct i v i ty dec r eased toward the end of  s eason. 
Th e r ef o r e ,  app l i c a t i o n  d ept h s  f o r  e x amp l e ,  mu s t  a l s o 
d e c r e a s e  f r om 2 6  mm a t  t h e  b e g i n n i ng of  t h e  s e a s o n  t o  1 9  
and 1 8  mm in the m i dd l e  and end of the season,  r espec t i v e l y  
f o r  s p r ay- 1 0 4 ,  t o  c ompe n s a t e  f o r  t h e  c hang e i n  hy d r a u l i c 
c o nd u c t i v i ty .  T h i s  d r ama t i c  c h a n g e  i n  a pp l i c a t i o n  d ep t h s  
w a s n o t r e q u i r e d f o r  t h e  i m p a c t - 1 7 2  a n d  i m p a c t - 3 4 4  
spr ink l e r s , when t he r ipp ing p r ac t ices  was used. 
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Sugge s tions fo r Fu r ther Study 
1 )  S u r f a c e  c r u s t i n g s h o u l d  b e  c o n s i d e r e d a s  a n o t h e r  
pa rameter to imp r ov e th e appl icab i l ity of the Green-Ampt 
inf i l t rati on mod e l  unde r spr ink l e r i r r i gat ion machines. 
2 )  The k ine ti c ene r gy of water dropl e t s  f r om each spr i nk l e r 
type s h ou l d  b e  s t ud i ed u nd e r  c o v e r e d s o i l  c o n d i t i o n s  t o  
obtain better unde r s tand ing of surfac e  seal ing prob l ems. 
3 )  Examine the d i f f e r ence between sur f ace hyd r au l i c conduc -
tiv i ty and subsu r face hydrau l i� conduc t i v i ty as af f ec t ed by 
c rust ing . 
4 )  Study the i nf l uenc e o f  appl icat i on r ate o f  spr i nk l e r s  o n  
Green-Ampt hydr au l ic conductiv i ty. 
t 
SUMMARY AND CONCLUSIONS 
The Gr een-Ampt- M ei n-L ar son inf i l trat ion mod e l , which 
u t i l i z e s two p hy s i c a l  so i l  pa r �me t e r s  ( K  and S M ) , w a s  u s e d 
t o  i n v e s t i g a t e  t h e  i nf i l t r at i o n pr o c e s s f o r  a L ow r y s i l t  
l o am s o i l  u n d e r a mo v i ng s p r i n k l e r  i r r i g a t i o n  m a c h i n e. A 
r e l a t i o n s h i p  b e tw e e n K and S M  wa s d e r i v e d f r om t h e  S o i l  
Cons e r v at i on S e r v ice  i ntak e  f am i l y  cu r v e  v al ues by the "t ime 
r a t i o "  me t ho d  ( Ch u , 1 9 8 5 ) . F i e l d  d a t a  s e t s c o n s i s t i n g  o f  
·app l i ed wate r depths , su r f ac e  r unof f depths and app l ication 
t ime s w e r e  u s ed t o  d e t e rm i n e  hy d r a u l ic c o n d u c t i v i t y  ( K) 
v a l u e s  f o r  s p r ay - 1 0 4  k P a  ( 1 5  p s i ) , impa c t- 1 7 2 k P a  ( 2 5  ps i )  
and impa c t - 3 4 4  k P a  ( 5 0  p s i )  s p r i n k l e r s  w i t h tw o s e c o n d a r y  
t i l l a g e  p r ac t i c e s ,  s h a l l ow c u l t i v a t i o n o n l y an d s h a l l ow 
cul tivat ion pl u s  r ippi ng. Cal ib rated inf i l t r a ti o n  mod e l s 
were used to  inv est i gate the impac t of i r r igat i on management 
p r a c t i c e s  ( n o t  r e p r e s en t e d  i n - t h e  d a t a  s e t s )  o n  s u r f a c e  
r unof f .  
Conc l u s ions of the s tudy are as f o l l ow s : 
1 .  A method was d ev e l oped to obtain Green-Ampt- M e i n-La r son 
mode l pa ramete r s  f r om i r r igation app l icat ion- su r f ac e  r unof f 
data sets fo r mov in g  s p r ink l e r i r r i gation mac hine cond i t ions.  
2 .  The r ippi ng t i l l age p r actice  inc r eased hyd r au l ic c onduc ­
t i v i ty v a l u e s  b y  6 6  pe r c ent  ( f r om 1 8 . 0 t o  3 0 . 0 mm/ h ) , w h e n  
compa r ed w i th non- r i pped v al ues. 
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. 3 .  Hy d r au l i c c o n d u c t i v i t i e s v a r i e d amo n g  t h e  y e a r s o f  t h e  
study. The me an 1 9 8 4  v a l ue ( 3 3 .0 mrn/ h) was s i gni f icant l y  
d i f f e r ent ( 6 8  p e r c e n t  hi g h e r )  f r om a n  av e r a g e  o f  t h e  1 9 8 2 
and 1 9 83 val ues ( 1 9 .7 mm/ h ) . 
4 .  Hydr au l ic conduct i v ity v a l ues f o r  the spr ink l e r s  v ar i ed 
i n  d i r ec t  r e sp o n s e  t o  t h e  app l i c a t i o n  i n t e n s i t i e s  o f  t h e  
spr ink l er s. Hyd rau l ic conduc t i v ity v al ue s of  3 9 .6 , 2 4 .4  and 
8 . 4 mm/ h fo r t h e  s p r a y- 1 0  4 ,  impac t- 1 7 2  a n d  impa c t - 3  4 4  
spr ink l e r s ,  r espect i v e l y, wer e  s i gn i f icant l y  d i f f e r ent f r om 
each ot he r .  
5 .  Hyd r au l i c c o n d u c t i v i t i e s  w e r e  8 9 , 3 9  and 3 6  pe r c e n t  
hi ghe r o n  r ipped pl ots than non- r ipped pl ot s  f o r  the spr ay-
1 0 4 ,  impac t-1 7 2  and impact-3 4 4  spr ink l e r s ,  r espec t i v e l y. 
6 .  Hy d r a u l i c c on d u c t i v i t i e s  t en d e d  t o  dec r e a s e  d u r i n 9  t h e 
1 9 8 2 and 1 9 8 3  i r r i gation se asons for  al l spr ink l er - ti l l age 
c omb i n a t i o n s . H ow e v e r ,  t h e  1 9 8 4  hy d r au l i c c o n d u c t i v i t i e s  
v a l ue s  dec r eased unt i l  the midd l e  of the i r r i ga t i on season 
( l a t e  J u l y ) a n d  t h e n  e x h i b i t e d  m i x e d  t r e n d s  f o r t h e  
r emai nder  of the season depend ing upon the spr ink l e r - t i l l age 
comb i nation.  
7 .  App l i c a t i o n  d e p t h s  of  app r o x i m a t e l y  26  mm w i l l p r o v i de 
z e r o  s u r f a c e  r u n of f  f o r  t he L o w r y  s i l t  l o am s o i l  i n  l a t e  
June when the r ipped p r ac t i ce i s  used. 
8. Appl ication depth of appr ox imat e l y  1 8 , 22  and 24 mm, w i l l 
p r o v i de z e r o  s u r f ac e  r un o f f f o r  t h e  L ow ry s i l t  l o am s o i l 
INI 
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f rom l ate J u ly t o  l at e  August for  the spr ay-1 0 4 , · impact-1 72  
an d i mpac t - 3 4 4  s p r i n k l e r s ,  r e s p e c t i v e l y ,  w h e n  t h e  r i pped 
pr ac t i c e  i s  used. 
9 .  P r ed i c t e d  m a x i m u m  app l i c a t i o n  d e p t h s  w i t h o u t  s u r f ac e  
r un o f f w e r e  f r o m  1 . 0 t o  2 . 0  mm sma l l e r f o r t h e  impa c t- 1 7 2  
spr ink l er than the impact-3 4 4  spr ink l e r f o r  both s ec ondary 
tillage pr ac t i c e s  dur ing the i r r i gat ion season . 
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Computer program list ing 
of the Green-Ampt infiltration parameters 
9 1  
1 1 "a: thes_m4.bas" 
10 1 APPLIO\TION OF GREEN-AMP!' EYJUATION TO FIND SOIL PARAMEI'ERS 
20 I REPRESENI'ATION OF '!HE PRCBLEM: 
30 I "GREEN-AMP!' INFILTRATION K>DEL" 
40 I *********************************************************** 
50 I F/S*�LN(1+F/S*M) =K�/S*:M 
6Q I *********************************************************** 
70 I IN THIS MODEL , 
80 1 F • • • • • •  INFILTRATION WATER DEPI'H (nun) 
90 I s . . . . . .  SOIL SUCI'ION DIFFEREN::E 
100 I M • • • • • •  SOIL K>IS'IURE DIFFERNCE (DIMENSICH.ESS) 
· 110 1 K • • • • • •  HYDRALIC coNOOcriVITY <rmv'hr> 
120 1 T • • • • • •  TlME (hr)  
130 I 
140 a..s 
150 DIM Kt ( 6) , SM# ( 6) 
160 INPUT �at is Number of the file (1-35) " ;F . N : 
. IF F.N<1 OR F. N>35 THEN 160 
· 170 IF F.N<lO THEN KK$=RIGHT$ ( S'IR$ (F . N) ,1 )  
ELSE KK$=RIGHT$ (SIR$ (F . N)  , 2)  
180 F. N$="MOO"+KK$+" .001" 
190 OPEN F. N$ AS 1 LEN=40 
200 FIELD 1 ,13 AS R • •  $ ,13 AS P • •  $,4  AS MD • •  $ ,4 AS DAY • •  $ ,  
210 OPEN "out"+F .N$ FOR APPEND AS 2 
220 PRINT t2 , " .PO 23 " 
230 I 
240 I APPLICATION TIME IN ( HR) 
250 I 
260 INPUT "What is Time of Application? " ;TA# : 
4 AS YR • •  $,2  AS CIU' . $  
IF TA#<O OR TAt> 1 '!HEN 260 
270 I 
280 0. #=1# : F . #=.OOOOSt : AA. t=. OOOOOQ01# : K. #=.04 : C. t=25 .4# 
290 T%=2 : T. #=2# 
300 I 
310 A$= 
" it/ti/#t l ti. t tt. t I ttt . t ttt. t l tt . tt tt. tt tt. t" 
320 RESmORE 2240 
330 FOR I%=1 TO 6 
340 READ K# (I%) , SM# (I%)  
350 K# (I% ) =K# (I% ) *C. t : SM# (I%) =SMt (I%) *C. # 
360 NEXT I% 
370 PRINT"Select type of sprinkler : " :PRINT:PRINT 
380 PRINT" 1 CDS" 
390 PRINT• 2 BPI" 
400 PRINr• 3 SPRAY• : PRINT 
410 PRINT8Input number ( 1-3) : • :B$=" • 
420 B$=INKEY$: IF B$=" " THEN 420 
430 B=ASC (B$) : IF B<49 OR B>51 THEN 410 
440 PRINr B$ : PRINI' : ON B-48 001'0 450 , 460 , 470 
9 2  
tlltl 
450 SP$="IMPACT 172 (KPa) " : GOTO 480 
460 SP$="IMPACI' 344 (KPa) " : GOTO 480 
470 SP$="SPRAY 10 4 {KPa) " 
480 INPOT"what is plot t"  ; PL  : IF PL<l OR PL>12 '!HEN 480 
490 ADD$="WEEOE" : IF F . N=13 '!HEN GC1l'O 510 
500 IF F. N>S AND F.  N<15 '!HEN ADD$="TIPPIRi BUCKET" 
510 FOR I%=1 TO 11 : PRINI' 12 , : NEXT I% 
520 SPOW$=" 11 
530 PRINI' 12 , USING "&&&" ;SPOi$ , "SPRINKLER 'IYPE : " , SP$ 
540 PRINl' #2 , USIR:i"&&t. ttt&" ;SPOl$ , "TIME OF APPLICATION {TA) :  " ,  
TA#, n (HR.} n 
550 PRINT #2 , USING"&&&" ;SPCW$ , "RAIN GAGE: " ,ADD$ 
560 PRINT #2 1 US!m" &&##" ;SPCW$ 1 "PLOI' NUMBER: 11 1 PL  
570 PRINr #2 , USIN:; "&&" ; SPOl$, 
"TILU\JGE PRACI'ICE : NCN-RIPPED {CONI'RCL) " 
580 PRINI' #2 , 
590 PRINT #2 , 
600 PRINI' #2 I 
.. DATE I 
610 PRINl' #2 , 
FIELD DATA 
11 I PARAMETERS · I n 
620 PRINI' 12 , 
DmER RESULTS " 
.. 1 ----------- ----------- 1 ---------------" 
630 PRINI' #2 , " I 
640 PRINI' #2 , 
P (mm) R (mm) I K (mnVhr) SM (mm) I TP (hr) TS ( hr)  FF (mm) " 
" --------------------------------------------------" 
650 CLS 
660 FOR LL%=1 'ID 40 
670 GET l ,LL% 
680 R#=v.AL (R • •  $) :Pt=VAL {P • •  $) :MO=VAL (MO • •  $) :DAY=v.AL (DAY • •  $ ) : 
690 GOSUB 2090 
700 IF YR<1 THEN 2350 
710 IF LL% < 2 '!HEN KJL=M) : DAYL=Dl\Y : GOIO  790 
720 IF MO=ftiL AND DAY>DAYL '!HEN 001'0 790 
730 IF MO>ftDL '!HEN KJL=K> : DAYL=Dl\Y : G01'0 7 90 
7 40 l«L=K> : DAYL=DAY 
750 PRINl' t2 , 
YR=VAL (YR • •  $) 
n n 
760. PRINl' #2 ' 
770 PRINT i2 ,US!m "&&" ; SPCW$ , "TILLAGE PRAcriCE : RIPPED " 
7 80 PRINI' 12 I n n 






'!BE SOIL PARAMETERS K AND SM ARE CALaJIATID USING TABLE 2 , 
USED AS INITIAL VALUES 'ID FIND THE ACIDAL K AND SM VALUES 
CF 'mE FIELD SITES. 




860 KA#=K# (4) 
870 SMA#=SM# ( 4) 
880 1 INFILTRATION DEPI'H (FIELD MEASURMENI') IS FOOND USIK;: 
890 I 
900 Fi=P#-R# 
910 I P • • • • •  APPLICATION WATER APPLIED (MM) 




960 I THE APPLICATION RATE IS Fa.JND BY : 
970 IC#=P#/TA# 
980 I TA. • • • APPLICATION TIME (HR) • 
PONDil'G TIME CAN BE FCXJND USIID: 990 I 
1000 ' 
1010 TP#= (KA#*SMA#) I ( (Pi/TA#) * ( (P#/TA#) -KA#) ) 
1020 1 IF OONDil'G TIME BECDMES GTEATER mAN APPLICATION TIME, 
· · 1030 ' THEN THE VALUES OF K IS REDUCED BY • 01 . 
1040 I 




C!JKJLATIVE INFILTRATION AT PONDiro TIME IS E}JUAL TO: 
1090 FO#= (P#/TA#) *TP# 
1100 ' 
1110 1 INITIAL ABSI'RACI'ION TIME BE'IWEEN APPLICATION TIME SCALE (Up) 
1120 1 AND ZERO 00 THE INFll.TRATION TIME SCALE CAN BE FaJND BY : 
1130 I 





'!BE RIGHI' SIDE OF GREEN-APMr BJUATION 0\N BE SHCliN BY 
INI'RCDUCIID A Nm TERM :  













N&7l'ON 1 S ME'IHCD CAN BE USED TO FIND THE INFILTRATION DEP!'H 
AND CYIHERS SOIL PARAMETERS SUCH AS Tp, Ts ,K ,FF ,AND PROOOCI' 
CF SM . 
FIRSI', SET INITIAL VALUE FOR X 
DEPI'H EXJUATICN CAN BE REPRESENTED AS :  
FF/S*�LN( l+FF/S*M) =K�/S*:M 
FF • • • • •  IMPRO\lED VALUE OF INFILTRATION DEPI'H (MM) 
SL� FOR X 
LET X=FF/SM 'mEN, 
X-LN( 1+X) =C THEREFOR X IS EIJUAL TO: 
1320 Xi=SJR(T. #*Ci)  
1330 ' 
1340 I NEXT FIND IMPLICI' S<LuriON AT X 
94 
1350 ' 
1360 FXi=Xi-LOG (O. #+Xt) -c# 
1370 ' 
1380 I 
13 90 I 
1400 I 
IF ABSCLUI'E VALUE OF Fx IS LESS 'mAN . 0001 , 
THEN THE SCLUTIOO IS FCIJN). 
1410 IF ABS (FXi) <=F . t GOl'O 1660 
1420 I 
1430 1 E.VALUATE 'IHE FIRST DERIVITIVE OF '!HE IMPLICI' FU�ION AT X 
1440 ' 
1450 DFX#=0. #- (0. #/ (0. t+Xi) )  
1460 ' 
1470  ' 
1480 I 
FIND THE IMPRCNED VALUE OF X 
1490 XPt=Xi- (FX#/DFXi) 
1500 ' 
1510 1 IE!' 'mE IMPRCNED X VALUE BE 'IHE TRIAL X 
1520 1 FOR 'mE NEXT ITERATICN OF THE NEWI'ON1 S ME'IHOD. 
. . 1530 I 
1540 Xi=XP# 
1550 ' 










IF '!HIS IS NOr THE FIRST CYCLE, CALOJI.ATE AA,WHERE, 
AA IS 'mE CRITERIA TO TFSI' WHE'IHER 'mE KA VALUE IS 
APPROPRIATE. THE SCLt1I'ION CAN BE FOOND WHEN THE PRax.JCl' 
OF 'mE DIFFERENCE BE'IWEEN FF AND F IS NmATIVE. 
AND (X*SMA) IS THE IMPRCNED VALUE. 
FF CAN 001' BE FOOND IN FIRSI' CYCLE BOCAIJSE '!HERE IS NO 
PREVIOOS IMPRCNED VALUE FOR THE INFILTRATION DEPm. 
1660 IF CYCLE%<>T% GOTO 1730 
1670 AA#= ( (FFt-F#) * ( (Xi*SMA#) -F#) ) 
1680 ' IF THE VALUE OF AA BEXDMES LFSS 'llJAN • 0000001 '!HEN '!HIS 
1690 ' IS 'mE FINAL SCLUI'IOO FOR THIS PRCBLEM. 
1700 ' 
1710 IF AA#<=AA. # THEN GOro 2190 
1720 I 
1730 FF#=X#*SMA# 











NE}cr' COMPARE '!HE IMPRCNED VALUE WI'm ACIUAL INFILTRATION 
DEPIH MEASURED FROM 'mE FIELD SITES (F) . IF F IS GRFATER 
'!HAN FF THEN INCREASE '!HE K VALUE BY THE AM:XJNri' OF • 01 
AND FIND SM VALUE RELATED TO '!HAT K. IF FF IS GRFATER THAN 





1850 IF F#>FF# 001'0 1880 
1860 KB#=KA#-K. # 
1870 GOrO 1950 






FOR THE SPECIAL CONDITION WHEN K IS GRFATER '!HAN 2 . 42 AND 
H.JKFF (R) IS BJ{JAL TO ZERO A LOO LINEAR REXiRESSIOO FIGURE 
( 6)  USED TO FIND SM WHICH IS BJUAL TO SMB 
1950 SMB#= .899i* ( (KB#/C. t) A (-.497 #) ) �. t  
1960 ' 
1970 ' 




2020 ' REmJRN TO '!HE BEGINNnl; CF '!HE NEWI'ON' S ME'IHCD SEX::TION AND 
2030 ' PERFORM THE CALClJLATION AGAIN. 





<X>NVERTING FRCM EH;LISH 'ID THE SI UNITS. 
2090 R#=Ri*C. t  
2100 KB#=KB#*C. # 
2110 SMB#=SMB#�. t 
2120 Pi=P#*C. # 
2130 FF#=FF#�. # 





PRINI' CUT RESULTS FRCM CAL<lJLATIONS: 
2190 PRINT #2 , U� A$ ;K>, IY\Y,YR,Pi,R#,KB#, SMB# ,TP# ,TS#,FF# 




'!BE FIRST SIX RCWS ARE K AND SM FOOND FRCM TABLE 2 .  
2240 DATA . 030 ,5 . 00 
2250 DATA . 175 ,2 .00 
2260 DATA . 345 ,1 .65 
2270 DATA . 860 ,1 .20 
2280 �TA 1 .70 , . 650 
2290 DATA 2 . 42 , . 520 
2300 ' 
2330 ' End of Program 
2340 ' 
2350 PRINT #2 , " . PA" 






Computer program listing 
2f the predicted surface runoff values . 
97  
1 1 "a:KSM.WSF" 
1000 GOI'O 1240 
1010 1 FOLLClVING LINE IS TIME OF APPLICATION, TA, 
IN HOURS FOR SPRAY-104 :  
1020 DA� 0 .25 
1030 1  LINE IS APPLICATION RATE, I, FOR SPRAY-104 : 
1040 DATA 160 , 132 ,104 ,76 , 48 
1050 1 FCLI,()TIR; LINE IS TIME OF APPLICATION, TA, 
IN HaJRS FOR IMPACT-17 2 :  
DATA 0 . 417 
' FOLLClVING LINE IS APPLICATION RATE, I ,  FOR IMPA�172:  
DATA 96 ,79 , 62 , 45 . 5 , 28 . 8 
' � LINE IS TIME OF APPLICATION, TA, FOR IMPACT-344 : 
DATA 0 .716 
1 FOLLOVIR; LINE IS APPLICATION RATE, I, FOR IMPACI'-344 : 










�A 56 , 46 ,36 . 3 , 26 .5 ,16 . 75 











' FCLLOiiNG LINES IS FOR K AND SM FOR SPRAY-104: 
DATA 39 , 65 ,15 , 40 ,11 ,30 
DATA 18 . 4 ,14 .2 ,29 .5 ,18 . 1 ,34.4 ,20 .9 
' FCLLClVI:t�; LINES IS FOR K AND SM FOR IMPACT-17 2 :  
DATA 30 ,32,13 ,25 ,13 ,23 
DATA 21 . 6 , 20 . 2 ,31 .7 ,22 .8 ,31 .7 , 23 .8 
' FCLLOiiNG LINES IS K AND SM FOR IMPACT-344: 
DATA 14 ,15 ,7 ,14 ,7 ,14 
DATA 36 .0 ,31 .7 ,43 .1 ,36 .0 ,43 .1 ,31.7 
DIM IR (5) ,K (6) , SM (6)  
INPUT " WHIQI TYPE OF SPRINKLER: 1-SPRAY,2-IMPACT-172,3-IMPACT-344'? " 
,TYPE 
1260. IF TYPE<! OR TYPE>3 THEN 1250 
1270 ON TYPE GOmO 1300 ,1290 ,1280 
1280 RFSIDRE 1100 : READ TA : GOl'O 1310 
1290 RFSI'ORE 1060 : READ TA : GOro 1310 
1300 RESTORE 1020 : READ � : GOTO 1310 
1310 FOR J=1 TO 5 
1320 READ IR (J) 
1330 NEXT J 
1340 ON TYPE GOmO 1370 ,1360 ,1350 
1350 RFSIDRE 1210 : LPRINI' " IMPACT-344" 
1360 RESTORE 1180 : LPRINT " IMPACT-172" 
1370 RFSIDRE 1150 : LPRINT " .SPRAY-10 4 " : 
1380 FOR II=1 TO 6 
1390 READ K (II ) 
1400 NEXT II 
1410 FOR JJ=1 TO 6 
1420 READ SM (JJ) 








9 9  
LPRINT � ( 9) "TP (h) " ;TAB ( 20) "TS ( h) " ;TAB ( 32) "F (mm) " ;TAB ( 44) "R (mm) "  
1480 LPRINT " ************************************************* * "  
1490 FOR J =1 'ro 5 -
1500 FOR JJ=1 TO 6 
1510 TP= ( ( K (JJ) *SM (JJ) )/ ( IR (J) * (IR (J) -K (JJ) ) ) )  
1520 IF TP> TA OR TP< 0 '!HEN LPRINI' " no Runoff" : 
1530 Z=SM (JJ) /K (JJ) 
1540 ZZ= (K (JJ) / ( IR (J) -K (JJ) ) )  
1550 IF ZZ<O OR TS>TA 'mEN LPRINI'" no Runoff" : 







1600 FX=X-LOO (1+X) - (K (JJ) * (TA-'l'Pi-TS) )/ ( SM (JJ) ) 
















NEn' J :  STOP 
LPRINI' USIKi 
" #il. ii ifi. ii ##1 . 1 fi# . i" ;  
1690 E}ID 
TP,TS, F ,  (IR(J) -At!'A) -F : RE'IURN 
APPEBDIX � 
1982 
Green-Ampt infiltration parameters , appl ication 
depth and surface runoff 
Field. � 
Definition Qf terms 
P = Appl icat ion depth ( mm) 
R = Surface runoff ( mm) 
Green-Ampt Parameters 
K = Hydraul ic conductivity ( mm{h) 
SM = Product of the soi l  moisture content d ifference 
before and after wetting, and matric potential 
d ifference before and -after wett ing (mm) 
Qthers Results 
Tp = �onding time ( b )  
Ts = The t i me o n  t h e  inf i l t r at i on c apac i ty c u r v e  
when the inf i l tration depth equal s  the appl ied 
wat e r  depth at pond ing t ime or the in i t i a l  
ab s t r ac t i on t ime. ( h) When P ( Tp)  = F (Ts ) 
FF = Inf iltrat ion depth ( mm) 
1 0 0  
NOTE : Estimated surface runoff values which are marked 
with a • * • , were not included in this study . 
101 
SPRINKLER TY'PE : SPRAY 10 4 (KPa) 
TIME OF APPLICATION (TA) : 0 .250 ( HR) 
PAIN GN3E : WEOOE 
PLDr NUftBER: 1 
TILLAGE PRACI'ICE : NeE-RIPPED (CONI'R<L )  
DATE FIELD Dt\TA I GREEN-AMP!' I Ol'HER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) l K (mv'hr)  SM (nm) l TP (hr) TS ( hr )  FF (nm) 
*7/ 5/82 19 . 0  o .o 38 .2  18 .6 0 .25 0 .15 19 .0  
7/ 8/82 26 .7 3 . 6  39 . 0  18 . 4  0 .10 0 . 06 23 .1  
7/12/82 27 . 4  2 . 5 47 .8 16 .7 0 .12  0 .07 24 .9  
7/14/82 25 . 4  4 . 1 32 . 2  20 .3  0 . 09 0 . 05  21 . 3  
7/19/82 22 .9 6 .7 14 .8 29 .9 0 .06 0 .03 16 .2 
7/2]/82 24 .1 8 . 3  13 . 4  31 . 4  0 . 05  0 . 03 15 . 9  
7/22/82 24. 1  6 .0 20 .2 25 .6 . 0 .07 0 .0 4  18.1  
7/27/82 23 . 6  6 . 6  17 .1  27 .• 8 0 . 07 0 . 03 17 . 1  
8/ 1/82 24 .1 4.3  26 .8  22 .2 0 .09 0 .05  19 .8 
8/ 4/82 21 . 6  7 . 4 9 .8 36 . 6  0 .0 5  0 . 03 14 .2  
8/ 6/82 20 . 8  10 .5 3 .2  63 .5 0 .03 0 .02  10 .4  
8/ 9/82 24 .1  8 .7 12 . 4  32 . 6  0 .0 5  0 . 03 15 . 5  
8/12/82 25 . 4  8 . 3  16 .8 28 .1  0 .05  0 •
. 
03 17 .2 
8/17/82 26 .7  7 . 8 21 . 8 24 . 6  0 . 06 0 . 03 20 . 2  
8/18/82 25 .4  9 .5 13 .3 31 .5 0 .05  0 .02  15.9  
8/20/82 20 .3  7 . 3  7 . 4 42 . 3  0 . 0 5  0 . 03 13 . 0  
TILLAGE PRACI'ICE: RIPPED 
*7/ 5/82 19 . 0  0 . 0 38 . 2  18 . 6  0 .25 0 .15 19 . 0  
7/ 8/82 26 .7  o .o 68.2 14.0  0 .23 0 .15  26 . 6  
7/12/82 27 . 4  0 . 1 69 .7 13 .8  0 . 22 0 .15  27 . 4  
7/14/82 25 . 4  0 .3 57 .2 15 .3 0 .19 0 .12 25 . 1  
7/19/82 22 . 9  0 . 6 43 . 4  17 . 5  0 . 17 0 .10 22 . 2  
7/21/82 24 .1 1 .1 44 .5 17 .3 0 .15  0 . 09  23 .1  
7/22/82 24 . 1  1 . 0  45 . 1  17 . 2  0 . 16 0 . 09  23 . 1  
7/27/82 23 . 6  1 .9 37 .2 18 .9 0 .13 0 . 0 8  21 .8  
8/ l/82 24 . 1  0 . 7 48 . 0  16 . 6  0 . 17 0 .10 23 . 5  
8/ 4/82 21 .6  1 .1 34 .8 19 .5 0 .15 0 .0 9  20 .5 
8/ 6/82 20 . 8  3 . 0  21 .7 24 . 7  0 .10 0 . 06 11 . a  
8/ 9/82 24 .1 1 .9 39 . 0  18 .5 0 .13 0 .0 8  22 .2 
8/12/82 25 . 4  3 . 0  37 . 2  18 . 9  0 .11 0 . 06 22 .3 
*8/17/82 26 .7 3 .8 38 . 0  18.7 0 .10 0 .06 22 .9 
8/18/82 2-5 . 4  4 . 1  32 . 0  20 . 3  0 .09  0 . 05  21 . 3  




SPRINKLER TYPE : SPRAY 104 (KPa) 
TIME OF APPLICATION (TA) : 0 .250 (HR) 
RAIN �E: WEIX;E 
PLOl' NtJlti3ER: 4 
TILLAGE PRACI'ICE : NCN-RIPPED (CONmCL) 
mTE FIELD DM'A I GREEN-AMP!' OTHER RFSULTS 
I PARAMETERS 
I I 
P (nm) R (nm) I K (nnv'hr) SM (nm) I TP (hr) TS (hr)  FF (nm) 
*7/ 5/82 19 .0  0 .0 38 .2 18 .6  0 .25 0 .15  19 . 0  
7/ 8/82 26 .7 2 .7 44 .0  17 . 4  0 .11 0 . 07 24 . 0  
7/12/82 27 .4 6 .2 30 .1 21 .0 0 .07 0 .0 4  21 .2  
7/14/82 25 . 4  7 . 2  20 . 0  25 . 7  0 . 06 0 . 03 18 . 2  
7/19/82 22 .9 5 .2 19 .5  26 .0 0 .08  0 .04  17 .7  
7/21/82 24 .1 8 . 9  11 .7 33 . 6  0 .0 5  0 .0 2  15 . 2  
7/22/82 24.1 6 .5 18 . 7  26 .6 0 .07 0 .0 4  17 . 6  
7/27/82 23 . 6  9 . 8 8 . 6 39 . 1  0 .04  0 . 0 2  13 . 8  
8/ l/82 24.1 5 .2 21 .8 24.6  0 .07 0 .0 4  19 .8  
8/ 4/82 21 . 6  6 . 6  11 . 9  33 . 3  0 . 06 0 . 03 15 . 0  
8/ 6/82 20 .8 7 .2 8 .6  39 .0  0 .0 5  0 .03 13 . 6  
*8/ 9/82 23 . 6  7 . 5  14 .3 30 . 4  0 . 06 0 . 03 16 . 1  
8/12/82 25 .4 8.7  15.4 29 .3  0 .0 5  0 . 03 16 .7 
8/17/82 26 .7 6 . 6  21 . 8  24 . 6  0 . 06 0 . 03 20 . 2  
8/18/82 25 .4  8 .0  17 . 6" 27 .4  0 .06 0 .03 17 .4  
8/20/82 20 .3  7 . 0 8 .2 40 . 1 0 . 06 0 . 03 13 .4 
TII..LAGE PRAC!'ICE :  RIPPED 
*7/ 5/82 19 . 0  0 . 0  38 . 2  18 . 6  0 .25  0 .15  19 . 0  
7/ 8/82 26 .7 0 .1 65 .4 14.3 0 .21 0 .14 26 .5 
7/12/82 27 . 4  0 . 1 68 .6 13 . 9  0 . 21 0 .14  27 . 3  
7/14/82 25 .4 0 .3 57 .9 15.2 0 .20 0 .13 25 .1 
7/19/82 22 . 9  0 . 3  46 . 4  16 . 9  0 .19 0 .12 22 . 5  
7/21/82 24.1 0 .9 45 .8 17 .0  0 .16 0 . 10 23 .2 
7/22/82 24 .1 0 . 8 46 .8  16 . 8  0 . 16 0 . 10 23 . 3  
7/27/82 23 . 6 1 .9 37 .1 18.9  0 .13 0 . 08 21 .7 
8/ l/82 24 .1 0 . 6 49 . 0  16 . 5  0 .18 0 .11 23 . 6  
8/ 4/82 21 .6 1 .6 31 .5 20 .5 0 .14 0 .0 8  20 .0 
8/ 6/82 20 . 8  1 . 3 30 .2 21 . 0 0 .14  0 . 08  19 . 5  
8/ 9/82 24 .1 1 .8 39 .3 18 . 4  0 .13 0 .0 8  22 .3 
8/12/82 25 .4  4 . 6  29 .9  21 . 0  0 . 09  0 . 0 5  20 "! 8  
8/17/82 26 .7 1 . 4  52 .1 16 .0 0 .14  0 .09  25 .3  
8/18/82 25 .4  4 . 0  32 .6  20 . 2 0 . 09  0 . 05 21 . 4  




SPRINRLER TYPE : SPRAY 104 (KPa) 
TIME OF APPLICATION (TA) : 0 .250 (HR) 
RAIN �E: WEOOE 
PLOI' NUMBER: 9 
Tir.LAGE PRACl'ICE : NC»-RIPPED (CONI'RCL) 
DM'E FIEID mTA I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K (mv'hr) SM(nm) I TP (hr) TS ( hr )  FF (nm) 
*7/ 5/82 19 .0 0 . 0 38 .2  18 .6  0 .25 0 .15  19 .0 
7/ 8/82 26 .7 5 . 1  32 . 2  20 .3  0 . 08 0 .0 5  21 . 6  
7/12/82 27 .4 9 .6 18 .4  26 .8 0 .0 5  0 .03 17 .9 
7/14/82 25 .4  8 . 2  16 . 8  28 . 0  0 .0 5  0 . 03 17 .2  
7/19/82 22 .9 7 .2 13 .2  31 .6 0 .06 0 .03 15.7 
7/21/82 24 .1 11 . 2  7 .0 43 . 4  0 . 03 0 .0 2  13 . 0  
7/22/82 24 .1 16 .3  1 .1 109 .5 0 . 01 0 .01 7 .9 
7/27/82 23 .6 9 . 3 9 .7 36 .8  0 .0 4  0 .0 2  14 .3  
8/ 1/82 24 .1 3 .9 28 .8  21 .5 0 .09  0 .0 5  20 . 3  
8/ 4/82 21 . 6 8 . 3 7 . 9  40 .7 0 .0 5  0 .0 2  13 . 4  
8/ 6/82 20 .8 10 .4 3 .2 63.5 0 .03 0 .02 10 .4 
8/ 9/82 24 .1  7 . 6 15 .2  29 . 4  0 . 06 0 . 03 16 .5 
8/12/82 25 .4  10 .3  11 .2 34 .2 0 .0 4  0 . 02 15.1  
8/17/82 26 .7 8 . 8 18 . 5  26 .7  0 .0 5  0 . 03 17 . 8  
8/18/82 25 .4 10 .5  10 .7 35 .1 0 .04  0 .0 2  14 .9 
8/20/82 20 .3 9 . 9 3 .3 62 .7  0 . 03 0 .0 2  10 . 4  
TILU.GE PRACI'ICE :  RIPPED 
7/ 5/82 25 . 4  0 . 0 62 . 8  14 . 6  0 . 23 0 .1 5  25 . 4  
7/ 8/82 26 .7 0 .2 64 .8 14 .3 0 .21 0 .14  26 .5 
7/12/82 T/ . 4  0 . 0 73 . 5  13 . 5  0 .2 5  0 . 17 27 . 4  
7/14/82 25 .4  0 .0 62 .8 14 .6 0 .23 0 .15  2 5 .4 . 
7/19/82 22 . 9  0 . 1 50 .6 16 . 2  0 . 22 0 .14 22 . 8  
7/21/82 24 .1 0 .9 45 .8 17 .0 0 .16 0 .10 23 .2 
7/22/82 24 .1 2 . 4  36 . 0  19 . 2  0 .12  0 . 07 21 .7 
7/27/82 23 . 6  0 .8 44 .6 17 .3 0 .16 0 .10  22 .8  
8/ l/82 24 .1 0 . 4 50 . 4  16 . 2  0 .18 0 .11 23 .7 
8/ 4/82 21 .6  1 .7 30 .6 20 .8 0 .13 0 .08  19 .9 
8/ 6/82 20 . 8  3 . 6 19 . 4  26 .1  0 . 09 o �o 5  17 .3  
8/ 9/82 24 .1 3 .1 32 .4 20 .2 0 .11 0 .06 21 .0  
8/12/82 25 . 4  4 . 9 28 .8  21 . 5  0 . 08 0 . 05  20 . 5  
8/17/82 26 .7 3 .0 42 .0 17 .8 0 .11 0 .06  23 .6 
8/18/82 25 . 4  7 . 5  19 .2  26 . 2  0 . 06 0 . 03 17 . 9  




SPRINKLER TYPE : IMPAcr 172 (KPa) 
TIME OF APPLICATION (TA) : 0 .  417 ( HR) 
PAIN GAGE : WEOOE 
PLOr NUMBER: 3 
TII..LAGE PRACI'ICE: NCN-RIPPED (CONI'RCL) 
MTE FIELD DM'A I �AMP!' I OTHER RESULTS 
I p  I 
I I 
P (nm) R (nm) I K (ImV'hr) SM (nm) I TP (hr) TS ( hr) FF (nm) 
*7/ 5/82 1 19 .0  0 .0 19 .0 26 .3  I 0 . 41 0 . 24 19 .1  
7/ 8/82 1 26 .7 0 . 1 35 .6 19 . 3  I 0 .38 0 . 24 26 . 6  
7/12/82 1 26 .7 1 .1 27 .7 21 .9 0 .26 0 .16 25 .5  
7/14/82 1 25 . 4  2 . 2  20 . 9 25 . 1  0 .22 0 .12 23 . 3  
7/19/82 1 22 .9 1 .7 17 .1  27 .8 0 .23 0 .13 21 .1 
7/2]/82 1 23 . 1  4 . 5 10 . 4  35 . 6  0 .15  0 .08 18 . 6  
7/24/82 1 24.1 3 . 6 14 .4 30 .3 0 .17 0 .0 9  20 .6  
7/27/82 1 23 . 6  4 . 5  11 . 4  34 . 1  0 .15  0 .08  19 . 1  
8/ 1/82 1 24 .1  2 .0 18 .7 26 . 6  0 .22 0 .12  22 .1 
8/ 4/82 1 21 .6  2 . 4  12 .7 32 . 2  0 . 20 0 .11 19 . 2  
8/ 6/82 1 20 .8 5 .0 6 .3 45 .7 0 .13 0 .07 15.8  
8/ 9/82 1 24 .1 3 . 8 13 . 9  30 . 8  0 .17 0 .09 20 . 4  
8/12/82 1 25 .4 0 .6 27 .6  21 .9 0 . 30 0 .18 24.8  
8/17/82 1 26 .7 2 . 4  21 .8 24 . 6  0 . 20 0 .11 25 .1  
8/18/82 1 25 . 4  3 . 0 18 .4  26 .8 0 .19 0 .11 22 .4 
8/20/82 1 20 .3  1 . 6  12 .6 32 .3  0 . 23 0 . 13 18 .7 
TII..LAGE PRACI'ICE: RI.PPED 
*7/ 5/82 19 . 0  0 . 0 19 .0  26 .3  0 . 41 0 .24  19 .1 
7/ 8/82 26 .7 0 .0 37 .4  18 .8 0 .42 0 .27 26 .7 
7/12/82 26 .7 0 . 1  35 .6 19 . 3  0 .38 0 .24 26 . 6  
7/14/82 25 .4 0 .0 34 .3  19 .7 0 .42 0 .26 25.4  
7/19/82 22 . 9  0 . 0 ' 26 .9  22 . 2  0 .39 0 . 24 22 . 8  
7/21/82 23 . 1  0 .0 28 .4 21 .6  0 . 41 0 .25 23 .1 
7/22/82 24 .1  0 . 1 28'.6  21 . 5  0 . 36 0 . 22 24 . 0  
7/27/82 23 . 6  0 .1 28 .2  21 .7 0 .38 0 .23 23 . 6  
8/ l/82 24 . 1  0 . 0 29 . 9  21 . 1 0 .39 0 .24  24 .1  
8/ 4/82 21 .6 0 .0 23 .9 23 .5 0 .39 0 .23 21 .6 
8/ 6/82 20 . 8  0 . 4 18 . 8  26 . 5  0 .32  0 .19 20 . 5 
8/ 9/82 24 .1 0 .1 29 .0 21 .4 0 .37 0 .23 24.1 
8/12/82 25 . 4  1 .1 21 . 8  24 . 6  0 . 23 0 .13 24 . 5  
8/17/82 26 .7 0 .2 33 .4 19 .9 0 .34 0 .21 26 .4 
8/18/82 25 . 4  0 .7 27 . o  22 . 2  0 .29 0 . 17 24 .7 




SPRINKLER TYPE : IMPAcr 172 (KPa) 
TIME OF APPLICATION (TA) : 0 .  417 ( HR) 
RAIN �E: WEOOE 
PLOl' NUMBER: 8 
TILLAGE PRACI'ICE : N<»-RIPPED (CONI'RCL) 
/ 
DM'E FIELD DM'A I GRE�AMPI' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K Cmrv'hr) SM (nm) I TP (hr) TS (hr) FF (nm) 
*7/ 5/82 19 .0  0 .0 19 .0 26 .3  0 . 41 0 .24 19 .1  
7/ 8/82 26 .7 0 . 1 34 . 4  19 . 6  0 .36 0 . 22 26 . 5  
7/12/82 26 .7 4 .4  17 .2 27 .7  0 .16 0 .0 9  22 .3  
7/14/82 25 .4  4 . 3  14 . 9  29 .7  0 . 16 0 .09  21 .1  
7/19/82 22 .9  4 .3 10 .5 35 .4 0 .15 0 .08  18 . 6  
7/21/82 23 .1 9 . 3 3 .6 59 . 9  0 .08  0 .0 4  13 . 9  
7/22/82 24.1 10 .9 3 .0 65 .5 0 .06 0 .03 13 . 3  
7/27/82 23 .6  8 . 4  5 �0 51 . 0  0 . 09  0 .0 5  15 . 2  
8/ l/82 24 .1  4 .0  13 .2 31.6 0 .16 0 .09 20 .1 
8/ 4/82 21 . 6  6 . 8 4 . 8  52 . 2  0 .10 0 .0 5  14 . 8  
8/ 6/82 19 .0  1 0 .0 0 .7 133 .8 0 .05  0 . 02 9 . 0  
8/ 9/82 24 . 1  6 . 0 9 . 3 37 .7 0 .12 0 . 07 18 .1 
8/12/82 25 . 4  7 .8 8 .1 40 .2 0 .10  0 . 05 17 .6  
8/17/82 26 .7 5 . 2  15 .1 29 . 5  0 .14  0 . 08 21 . 5  
8/18/82 25 .4  15.7  0 .9 118 .5 0 .03 0 .02 9 . 7  
8/20/82 20 .3  7 . 9 2 .6 71 . 4  0 . 08  0 .0 4  12 . 5  
TILLAGE PRACI'ICE : RIPPED -
7/ 5/82 19 . 0  0 . 0 18 .1 27 .o 0 .39  0 . 23 19 . 0  
7/ 8/82 26 .7 o .o 36 .2 19 .2 0 .39 0 .25 26 .6  
7/12/82 26 .7 0 . 1 35 .6 19 . 3  0 .38 0 . 24 26 .6  
7/14/82 25 .4  0 .8 26 .6  22 .3 0 .28  0 .17 24. 6  
7/19/82 22 . 9  0 .6 21 .8 24 . 6  0 . 30 0 .17 22 . 8  
7/21/82 23 .1 0 .9 20 .8 25 .2 0 .27 0 .16 22 .2 
7/22/82 24 .1 . 4 . 4  12 . 5  32-. 5  0 .15  0 . 08 19 . 8  
7/27/82 23 . 6  2 .2 17 .0  27 .9 0 .21 0 .12  21 .4  
8/ l/82 24 . 1  1 . 4  20 . 8  25 . 2  0 .24  0 .1 4  22 .7 
8/ 4/82 21 .6 1 .9 14 .0 30 .7 0 .22 0 .12  19 .7 
8/ 6/82 20 . 8  3 . 0 10 . 0  36 . 4  0 .18 0 .10  17 . 8  
8/ 9/82 24 .1 2 .5 17 .2 27 .7 0 .20 0 .11 21 .6  
8/12/82 25 . 4  3 . 9  15 .8  28 . 9  0 .17 0 . 0 9  21 . 5  
8/17/82 26 .7 3 .7 19 .0 26 .4  0 .17 0 .10 23 .0 
*8/18/82 25 .4 4 . 0  15 .7 29 . 0  . 0 .17 0 . 09 21 . 4  




SPRINKLER TYPE : IMPAcr 17 2 (KPa) 
TIME OF APPLICATION (TA) : 0 .  417 ( HR) 
RAIN GAGE: WEDGE 
PLOr NUMBER: 10 
TILLPGE PRAcr!CE : Nrn-RIPPED (CONI'RCL) 
Dl\TE FIELD DM'A I GREEN-AMP!' I OTHER RESJLTS 
I PARAMETERS I 
I I 
P (nm) R (mn) I K (IIIIV'hr) SM (mn) I TP (hr) TS (hr )  FF (nm) 
*7/ 5/82 19 .0 0 .0 I 19 .0  26 .3  0 . 41 0 .24  19 .1 
7/ 8/82 26 .7, 1 . 8  I 21 .8 24 . 6  0 .20 0 .11 25 .1 
7/12/82 26 .7 5 .3 I 14 .8 29 .8  0 .14 0 .0 8  21 .3  
7/14/82 25 . 4  3 . 5  I 17 .0 27 . 8 0 .18 0 .10 22 . 0  
7/19/82 22 .9 2 .2 I 15.8 28 .9 0 .21 0 .1 2  20 .7 
7/21/82 23 . 1  6 . 7 I 6 .8 44 .1  0 .11 0 . 06 16 . 4  
7/22/82 24 .1 10 .8 I 3 .1 64 .7 0 .06 0 .03 13 . 3  
7/27/82 23 . 6  7 . 5 I 6 .2 46 . 2  0 . 10 0 .0 5  16 . 1  
8/ 1/82 24.1  3 .4 I 14 .8 29 .9 0 .18 0 .10 20 .7 
8/ 4/82 21 . 6  7 .1 I 4 . 4  54 . 3  0 .10 0 . 0 5  14 . 5  
8/ 6/82 20 .8  10 .8 I 1 .1 109 .5 0 .0 5  0 . 02 1 0 .0 
8/ 9/82 24 . 1  6 . 2  I 9 . 0 38 . 3  0 .12 0 . 06 18 . 0  
8/12/82 25 .4 8 . 5  I 7 .2 42 .8 0 .0 9  0 .0 5  17 . 0  
8/17/82 26 .7 5 . 1  " I 15 . 4  29 . 2  0 .1 5  0 . 08  21 .6 
. 8/18/82 25 . 4  8 . 9  I 6 . 6  44.7  0 .09  0 .0 5  16.5  
8/20/82 20 . 3  6 . 3  I 4 .1 56 . 6  0 .11 0 .0 5  14 .1 
TILU.GE PRAcriCE :  RI�PED 
*7/ 5/82 19 . 0  0 . 0 19 .0  26 . 3  0 . 41 0 . 24 19 .1  
7/ 8/82 26 .7 0 .0 37 .4  18.8 0 . 42 0 . 27 26 .7 
7/12/82 26 .7 0 . 1 34 . 8  19 . 5  0 . 36 0 . 23 26 . 6  
7/14/82 25 . 4  0 . 0 34 .3  19 .7 0 . 42 0 . 26 25 .4 
7/19/82 22 . 9  0 . 1 26 . 0  22 . 6  0 . 37 0 .22 22 . 8  
7/21/82 23 .1  0 . 6 21 .8 24.6 0 .29 0 .17 23 .0  
7/22/82 24 .1  0 . 8 21 . 8 24 .6  0 . 26 0 .1 5  23 .7 
7/27/82 23 . 6  0 .8 21 .8  24.6  0 .27 0 .16 23 .4 
8/ 1/82 24 . 1  0 . 3 27 . 0  22 . 1  0 .34 0 . 20 23 . 9  
8/ 4/82 21 .6  0 .9 17 .7 27 .3  0 .27 0 .16 20 .7 
8/ 6/82 20 . 8  3 . 0 10 . 0  36 . 4  0 .18 0 .10 17 .8  
8/ 9/82 24 .1 1 .1 21 .8 24.6 0 .26 0 .15  23 .7 
8/12/82 25 . 4  3 . 0  18 . 2  27 . o  0 . 19 0 . 11 22 . 4  
8/17/82 26 .7 0 .8 29 .5 21 .2 0 .28 0 .17 25.9 
8/18/82 25 . 4  2 .9 18 .6  26 .7 0 .19 . 0 .11 22 .5  





SPRINKLER TYPE : IMPACI' 344 (KPa} 
TIME OF APPLICATION (TA} : 0 .  716 ( HR} 
RAIN GN3E: WEOOE 
PLar' NUMBER: 5 
�E PRACTICE : NCN-RIPPED (CONIRCL} 
DATE FIELD DATA I GREEN-AMP!' I OI'HER RESULTS 
I PARAltEI'ERS I 
I I 
P (nm} R (nm) I K (llllV'hr) SM (nm) I TP (hr} TS ( hr}  FF (nm) 
*7/ 5/82 19 .0  0 .0 8 .7  38.9  0 .71  0 . 40 19 .1  
*7/ 8/82 24 .1  0 . 0  15 . 0  29 . 7  0 .71 0 . 42 24 .1  
7/12/82 23 .4  1 .2  9 .2  37 .7 0 .46 0 .25 22 .2 
7/14/82 21 . 6  1 . 5  6 .7 44 . 3  0 . 42 0 . 23 20 .1  
7/19/82 22 . 6  1 . 6  7 .6 41 .6  0 . 42 0 .23 21 . 0  
7/21/82 21 . 8  3 . 3  4 . 6  53 . 1  0 .31 0 .16 18 . 6  
7/22/82 21 . 6  2 .6  5 .2 50 .4 0 .35  0 .18 19 . 0  
7/27/82 20 .3 4 . 5  2 . 5  71 . 9  0 .25  0 . 13 15 . 8  
8/ l/82 21 .6 1 .5 6 .7 44 .3 0 .42 0 .23 20 .1 
8/ 4/82 19 .0  . 3 .3 2 .7 69 . 3  0 .30 0 .15 15 . 8  
8/ 6/82 17 . 8  4 . 4  1 . 4  96 .3 0 .23 0 .12  13 .4  
8/ 9/82 21 . 6  3 .7 4 .1 56 . 6  0 .29  0 .15  18 . 0  
8/12/82 23 .9  4 .5 5.0 51 .4 0 .27 0 .14 19 .4  
8/17/82 24 . 4  2 . 2  8 . 4  39 .7 0 .38 0 . 21 22 . 2  
8/18/82 21 .8 5 . 3 2 .9 67 .3 0 .23 0 .12 16 .6  
8/20/82 17 . 8  3 . 7 1 . 8 86 . 0  0 . 26 0 .14 14 . 1  
TILLAGE PRACI'ICE :  RIPPED 
·-
*7/ 5/82 1 19 . 0  0 . 0 . 8 .7 38 . 9  0 .71 0 . 40 19 . 1  
*7/ 8/82 1 24.1 0 .0 15 .0 29 .7 0 .71  0 .42 24. 1  
7/12/82 1 23 . 4  0 . 0 14 .0 30 .7  0 .71 0 . 42 23 . 4  
7/14/82 1 21 .6  0 .0 11 .] 33 .5 0 .7 1  0 .41 21 . 6  
7/19/82 1 22 .6 0 . 0 13 .0  31 . 8  0 .71 0 . 42 22 . 6  
7/21/82 1 21 .8  0 .0 12 .0 33 .1 0 .71 0 .41 21 .8  
7/22/82 r- 21 . 6 0 . 3 9 .6 37 . o  0 .58 0 .32 21 . 3  
7/27/82 1 20 .3 0 .1 8.9  38 .5 0 .62 0 .35 20 .2 
8/ l/82 1 21 .6  0 . 1 10 .7 35 . 1  0 . 64 0 . 37 21 . 5  
8/ 4/82 1 19 .0  0 . 4 6 .6  44 .5 0 .56 0 .30 18 .7  
a; 6/82 1 11 .a  0 .7 4 .7 52 .9  0 . 50 0 . 26 17 . 1  
8/ 9/82 1 24 .1 0 .8 11 .0 34 .6  0 .50 0 .28 23 .3  
8/12/82 1 23 . 9  1 . 6 8 . 9 38 . 5  0 . 42 0 . 23 22 . 3  
8/17/82 1 24 .4 0 .4 12 .7 32 .2 0 .56 0 .33 24.0  
8/18/82 1 21 . 8  0 . 9  8 .1 40 . 2  0 . 48 0 . 26 20 . 9  





SPRINKLER TYPE: IMPACl' 344 (KPa) 
TIME OF APPLICATION (TA) : 0 .  716 ( HR) 
RAIN GAGE: WEDGE 
PLOl' NUMBER: 6 
�E PRACTICE : NGr-RIPPED (CONI'RCL) 
DATE FIELD DM'A I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K (rmy'hr) SM (nm) I TP (hr) TS ( hr )  FF (nm) 
*7/ 5/82 19 .0  0 .0 8.7  38 . 9  0 .71  0 .40 19 .1 
7/ 8/82 24 . 1  0 . 4 12 .1 33 . 0  0 .55 0 . 32 23 .7  
7/12/82 23 .4 3 .5 5 .7 48 .1 0 .31 0 .17 19 .9 
7/14/82 21 . 6  3 . 5 4 . 2  55 . 6  0 . 30 0 .16 18 .1 
7/19/82 22 . 6  0 .2 11 .2 34 .3 0 .60 0 .34  22 .4  
7/2]/82 21 . 8  4 . 3  3 .7 59 . 6  0 . 27 0 .14 17 . 6  
7/22/82 21 .6 5 .6 2.5  71 .9 0 .22 0 .11 16 .0 
7/27/82 20 .3 5 . 6  1 . 9 83 . 2  0 . 21 0 .11 14 . 8  
8/ l/82 21 .6  3 .1 4 .6  53 .1  0 .32  0 .17 18 .5 
8/ 4/82 19 .0 4 . 0  2 . 2 76 . 3  0 . 26 0 .14 15 .1  
8/ 6/82 17 .8 6 .1 0 .8 127 .o  0 .17 0 .09  11 .8  
8/ 9/82 21 .6 4 . 5  3 .3 63 . 1  0 . 26 0 .13 17 .1 
8/12/82 23 .9 7 . 6 2 .6  71. 4  0 .18 0 .09  16.3  
8/17/82 24 . 4  3 . 6 6 .4 45 . 1  0 . 31 0 . 17 20 . 8  
8/18/82 21 .8  6 .0 2 .4  73 .1 0 .21 0 .11 15.9 
8/20/82 17 . 8  5 . 1 1 .1  109 . 5  0 . 20 0 . 10  12 .7 
TILLAGE PRACI'ICE :  RIPPED 
*7/ 5/82 19 . 0  0 . 0  8 .7 38 . 9  0 .71 0 . 40 19 .1 
7/ 8/82 24.1  o . o 14 .4 30 .3 0 .67 0 . 40 24 .1 
7/12/82 23 . 4 0 . 2  12 . 0  33 . 1  0 .59 0 . 34 23 .1  
7/14/82 21 .6 0 .1 10 .5 35 . 4  0 .63 0 .36 21 .5 
7/19/82 22 . 6  0 . 1 12 . 0  33 . 2  0 .64 0 . 37 22 . 5  
7/21/82 21 .8 0 .0 11 .5  33 .9 0 .67 0 .39 21 . 8  
7/22/82 21 .6 0 . 0 11 . 2  34 . 4  0 .67 0 .39 21 .6  
7/27/82 20 .3 0 .1 9 .2  37 .8 0 .64 0 .36 20 .2 
8/ l/82 21 . 6  0 . 1 10 .9  34 .7 0 . 65 0 .38 21 . 5  
8/ 4/82 19 .0  0 .1 8 .0  40 .6 0 . 65 0 . 36 19 .0 
8/ 9/82 21 .6  o . o 11 . 2  34 . 4  0 .67 0 .39 21 .6  
8/ 6/82 20 .8 0 .1 9 .6  37 .0 0 . 63 0 .36 20 .7 
8/12/82 23 . 9 1 . 1 9 . 9  36 . 5  0 . 46 0 . 26 22 . 8  
8/17/82 24 .4  0 .1 14 .2 30 .5 0 .64 0 .38 24.3  
8/18/82 21 . 8  0 . 8 8 . 5  39 . 4  0 . 50 0 .28 21 . 1  




SPRINKLER TYPE : IMPACI' 344 (KPa) 
TIME OF APPLICATION (TA) : 0 .716 ( HR) 
RAIN GAGE: WEDGE 
PLOl' NUMBER: 12 
TILI.N;E PRACI'ICE : NOO-RIPPED (CONIRCL) 
MTE FIErD DM'A I GREEN-AMP!' I OTHER RESULTS 
I PARAMm'ERS I 
I I 
P (nm) R (nm) I K (nmy'hr) SM (nm) I TP (hr) TS (hr )  FF (nm) 
*7/ 5/82 17 .8 0 .0 7 .3 42 .5 0 .71 0 . 40 17 .8 
7/ 8/82 24 .1  0 . 1 13 . 9  30 . 8  0 . 64 0 .38  24 .1  
7/12/82 23 .4  3 . 1 6.1  46 .5 0 .33 0 .17 20 .2 
7/14/82 21 . 6  3 . 3 4 .5 54 . 1  0 .31 0 . 16 18 . 4  
7/19/82 22 .6 1 .8 7 .3 42 .5 0 .40 0 .22 20 .8  
7/2]/82 21 . 8  1 . 8 6 . 6 44 .7 0 . 40 0 .22 20 .1  
7/22/82 21 . 6  7 .7 1 .4  96 .3  0 .16 0 .08  13 .9  
7/27/82 20 . 3  3 . 7 3 . 1  64 .7 0 .28 0 .15 16 .6  
8/ l/82 21 .6  2 .6 5.2 50 .4 0 .35  0 .18 19 .0  
8/ 4/82 19 .0  2 . 2  3 .7 59 .6  0 .36 0 .19 16 . 9  
8/ 6/82 17 .8  4 .3 1 . 4  94 .9 0 .24  0 .1 2  13 .5 
8/ 9/82 21 .6  3 . 6  4 .1 56 . 4  0 .30 0 .16 18 . 0  
8/12/82 23 .9 5 .6 4.0  57 .2 0 .23 0 .12 18.3  
8/17/82 24 . 4  0 . 2  13 . 3  31 . 5  0 .59 0 .34  24 . 2  
8/18/82 21 .8 6 .6 2.1 79.1 0 .1 9  0 .10 15 .3 
8/20/82 17 . 8  2 . 3 2 .7 69 .3  0 .34 0 .18 15 . 5  
T:ILLAGE PRACI'ICE: RIPPED 
*7/ 5/82 17 .8  0 . 0 7 .3 42 . 5  0 .71 0 . 40 17 . 8  
7/ 8/82 24.1 0 .0 15.0 29 .7 0 .7 1  0 . 42 24.1 
7/12/82 23 . 4  0 . 0 13 . 4  31 . 4  0 .67 0 .39 23 .3  
7/14/82 21 .6 0 .0 11 .7 33 .5 0 .71 0 . 41 21 .6  
7/19/82 22 .6  0 . 0  13 . 0  31 .8  0 . 71 0 . 42 22 . 6  
7/21/82 21 .8 o .o 12 .0 33 .1 0 .71  0 .41 21 .8  
7/22/82 21 .6 o . o 11 .7 33 . 5  0 .71 0 . 41 21 . 6  
7/27/82 20 .3 o .o 10 .2 36 .0 0 .71  0 .41 20 .3  
8/ l/82 21 .6 0 .0 11 .7 33 . 5  0 .71 0 . 41 21 . 6  
8/ 4/82 19 .0  0 .0 8.7 38 .9 0 .71 0 .40 19 .1  
8/ 6/82 17 . 8  0 . 1 6 .6 44 .6  0 . 65 0 . 36 17 .7  
8/ 9/82 21 .6 0 .0 11 .7 33 .5 0 .71 0 . 41 21 .6  
8/12/82 23 . 9  0 . 2 12 .9  32 .0 0 .60 0 . 35 23 .7 
8/17/82 24 .4  0 .1 13 .8 30 .9 0 .62 0 .36 24 .3 
8/18/82 21 . 8  0 . 3 10 . 0  36 . 2  0 .58 0 .33 21 .6 
8/20/82 17 .8 0 .0 6 .8 43 .9 0 . 67 0 . 37 17 .8 
� 
• Jj ......__ 
APPERDIX ll 
1983 
Green-Apmt infiltration parameters , Application 
depth and surface runoff 
� APPENQIX C fQx definition Qf terms 
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SPRINKLER TYPE : SPRAY 104 (KPa) 
TIME OF APPLICATION (TA) : 0 .250 (HR) 
RAIN GAGE: WEOOE 
PLDr NUMBER: 1 
TILlAGE PRAcriCE: N<E-RIPPED (CONrRCL) 
DATE FIELD DATA I GREEN-AMP!' I OTHER RESULTS 
I PARAMm'ERS I 
I - I 
P (nm) R (nm) I K (ImV'hr) SM (nm) I TP (hr) TS (hr )  FF (nm) 
*6/27/83 24 .4  o .o 60 . 6  14 .8 0 .25 0 .16 24.4  
7/11/83 22 . 1  1 . 3 34 . 9  19 . 5  0 .14 0 .08 20 . 8  
7/14/83 21 .8 4 . 6 18 . 6  26 .7 0 .08  0 .04  17 . 3  
7/19/83 21 . 8  5 . 0  17 . 4  27 . 6  0 .08 0 .04  16 . 9  
7/21/83 23 .9 6 .7 17 .2  27 .7 0 .06  0 .03  17 . 1  
7/25/83 22 . 4  3 . 3  21 . 8  24 . 6  0 . 09  0 .0 5  19 . 4  
7/26/83 22 .9 9 . 0 8 .8  38 . 6  0 .05  0 .02  1 3 .9 
8/ 2/83 22 . 4  3 . 0  21 . 8 24 . 6  0 .09  0 .0 5  19 . 4  
8/ 4/83 24. 1  6 . 5  18 . 6  26 .6  0 .07 0 .0 4  17 . 6  
8/ 9/83 23 . 6  3 . 7 27 .6  21 . 9  0 .10 0 .0 5  19 . 9  
8/11/83 23 .9  7 .7 14 .4 30 .2 0 . 06 0 .03 16 .2 
8/15/83 22 . 9  3 . 6 21 . 8  24 . 6  0 .08 0 . 0 5  19 . 5  
*8/18/83 22 .9 6 .1 16 .3 28 .4  0 .07 0 .04  16 .7 
TILlAGE PRACI'ICE: RIPPED 
7/11/83 22 .1 0 .1 47 .5 16 .7 I 0 .22 0 .1 4  22 . 0  
7/14/83 21 . 8  0 . 7 38 .3 18 . 6  I 0 . 11 0 .10 21 .1 
7/19/83 21 .8 0 .9 37 .1 18 .9 t 0 .16 0 .0 9  21 .0  
7/21/83 23 . 9  2 . 2  36 . 1  19 . 2  I 0 .12  0 . 07 21 .7 
7/25/83 22 .4  0 .8 39 .6  18 .3 I 0 .16 0 .10 21 .5 
7/26/83 22 . 9  1 . 2  38 .3 18 .6  I 0 .15 0 .0 9  21 .6  
7/27/83 24. 4  0 .0 60 .6 14 .8 I 0 .25 0 .16 24 .4 
8/ 2/83 22 . 4  0 . 7 40 .8  18 .1 I 0 . 17 0 .10 21 .7  
8/ 4/83 24 .1 1 . 4 42 .3 17 .7 I 0 .1 4  0 .09  22 . 8  
8/ 9/83 23 .6  0 . 5 47 . 5  16 .7 I 0 .18 0 .11 23 .1  
8/11/83 23 .9 2 .0 37 .4  18 .8 I 0 .13 0 .07 21 .9 
8/15/83 22 .9  0 . 6  43 . 4  17 . s  I 0 . 17 0 .10 22 . 2  
8/18/83 22 .9 2 .1 33 .2 20 .0 I 0 .12  0 .07 20 .8 
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SPRINKLER TYPE : SPRAY 104 (KPa) 
TIME OF APPLICATION (TA) : 0 .250 (HR) 
RAIN GAGE : WEDGE 
PLDr NUMBER: 3 
TILLAGE PRACI'ICE : NCI+-RIPPID (CONI'RCL) 
DA.TE FIELD M.TA I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (mn) I K (nny'hr) SM (nm) I TP (hr) TS (hr )  FF (nm) 
6/27/83 24. 4  0 .1 56 . 4  15.4 0 . 22 0 . 14 24.3  
7/1]/83 22 .1  0 . 3 43 .7 17 . 4  0 .19 0 .12 21 . 8  
7/14/83 21 .8 2 .0 29 .8 21 .1 0 .12  0 .01 19 .8 
7/19/83 21 . 8  12 . 5  2 . 2  77 . 7  0 .0 2  0 . 01 9 . 4  
7/21/83 23 .9 8 . 4  12 .6  32 .3  0 .05  0 .03 15 .5 
7/25/83 22 .4  4 . 7  19 .7 25 . 9  0 .08  0 .0 4  17 .7 
7/26/83 22 .9 10 .5 5.9  47 . 1  0 .0 4  0 .02  12.3  
8/ 2/83 22 . 4  8 . 8  8 . 3  39 . 9  0 .0 5  0 . 0 2  13 . 6  
8/ 4/83 24. 1  9 . 5  10 . 4  35 .7 0 .0 4  0 .0 2  14 .6 
8/ 9/83 23 . 6  3 . 6  28 . 4  21 . 6  0 . 10 0 . 06 20 . 1  
---8/11/83 23 .9  10 . 6  7 .4  42 .0 0 .04  0 . 02  13 .2 
8/15/83 22 . 9  6 . 7  14 .6 30 . 1  0 . 06 0 . 03 16 .1 
8/18/83 22 .9 9 . 4  7 .9 40 .8 0 .0 4  0 .02 13 .4  
�E PRACI'ICE : RIPPED 
6/27/83 24. 4  0 .0 60 .6 14.8 0 .25 0 .16 24. 4  
7/1]/83 22 . 1  0 . 1  48 . 2  16 .6  0 . 23 0 .14  22 .0  
7/14/83 21 . 8  0 .2 43 .8 17 . 4  0 .20 0 .12 21 .6 
7/19/83 21 . 8 . 0 . 2  44 . 1  17 . 4  0 .20 0 .12 21 . 6  
7/21/83 23 .9 0 . 6 47 .7 16 .7 0 .17 0 .11 23 . 3  
7/25/83 22 . 4  0 . 3 44 . 4  17 . 3  0 .19 0 .12 22 . 0  
7/26/83 22 .9 0 .7 43 . 0  17 .6 0 .17 0.10 22 . 2  
8/ 4/83 22 . 4  0 . 4  43 .2 17 . 5  0 . 18 0 .11 21 . 9 
8/ 4/83 24. 1  0 .5 49 .8 16 .3 0 .18 0 .11 23 .6  
8/ 9/83 23 .6  0 . 1  52 .7  15 . 9  0 . 21 0 . 13 23 . 5  
8/11/83 23 .9  0 .8 46 . 0  17 .0 0 .17 0 .10  23 .1  
8/15/83 22 . 9  0 . 5  44 .7 17 . 2  0 . 18 0 .11 22 . 4  
8/18/83 22 . 9  0 .6 43 .7 17 .4  0 .17 0 .11 22 .3 
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SPRINKLER 'IYPE: SPRAY 10 4 (KPa) 
TIME OF APPLICATION (TA) : 0 .250 ( HR) 
RAIN GAGE : WEDGE 
PLOI' NUMBER: 5 
TILI.AGE PRAcriCE : NCN-RIPPED (CONTRCL) 
DM'E FIELD DM'A I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K (ImV'hr) SM (nm) I TP (hi") TS ( hr) FF (nm) 
6/27/83 24 .4 o .o 60 .6  14 .8 0 .25 0 .16 24 .4  
7/1]/83 22 .1 0 . 4 42 . 8  17 . 6  0 . 19 0 .11 21 .7  
7/14/83 21 .8 3 .7 21 .8 24.6 0 .09  0 .05  19 .2 
7/19/83 21 . 8  10 . 6  4 . 3  55 . 3  0 . 03 0 .0 2  11 . 2  
7/21/83 23 .9  7 .5 14 .9 29 .8 0 . 06 0 .03  16 .4 
7/25/83 22 . 4  6 . 6  13 . 8  31 . 0  0 . 06 0 . 03 15 . 8  
7/26/83 22 .9 4 .5 21 .8 24.6  0 .08  0 .0 5  19 .5  
8/ 2/83 22 .4 4 . 0  21 . 8  24 . 6  0 .09  0 .0 5  19 . 4  
8/ 4/83 24 .1 8 . 3  13 . 4  31 .4 0 .05  0 .03 15 .9  
8/ 9/83 23 .6  2 . 4  34 . 0  19 .7 0 .12 0 . 07 21 . 2  
8/11/83 23 .9  8 . 5  12 .1 33 .0  0 .05  0 .03 15 .3  
8/15/83 22 . 9  6 . 6  15 .0  29 .7 0 . 06 0 . 03 16 . 3  
*8/18/83 22 .9 3 .5 21 .8 24.6 0 . 08 0 .05  19 . 5  
TILLAGE PRAcriCE : RIPPED 
6/27/83 24 . 4  o .o I 58 .6 15 .1 0 .23 0 .15 24.4  
7/1]/83 22 .1 0 . 1 I 46 . 4  16 . 9  0 . 21 0 . 13 22 . 0  
7/14/83 21 .8  0 .5 I 40 .7 18 .1 0 .18 0 .11 21 . 4  
7/19/83 21 .8  1 . 0  I 36 .3  19 .1  0 .16 0 . 09 20 . 9  
7/21/83 23 .9 1 .0 I 44.1 17 .4 0 .16 0 . 09 22 .9  
7/25/83 22 . 4  0 . 4 I 43 . 5  17 . 5  0 .19 0 .11 21 . 9  
7/26/83 22 .9  0 .6 I 43 .9 17 .4  0 .18 0 .11 22 .3  
8/ 2/83 22 . 4  o . s  I 42 . 2  17 .7  0 .18 0 .11 21 . 8  
8/ 4/83 24.1 1 .1 I_ 44.3  17 .3 0 .15 0 .0 9  23 . 0  
8/ 9/83 23 . 6  0 . 6 I 47 .o  16 .8  0 .18 0 .11 23 .1 
8/11/83 23 .9 1 .7 I 39 .2 18 . 4  0 .13 0 .08 22 .2 
8/15/83 22 . 9  1 . 1 I 39 . 2  18 . 4  0 .15  0 . 09  21 .7 
8/18/83 22 .9 1 .8 I 34 .9 . 19 .5 0 .13 0 .08 21 .1 
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SPRINKLER TYPE: IMPACI' 172 (KPa) 
TIME OF APPLICATION (TA) : 0 .  417 ( HR) 
RAIN �E: WEOOE 
PLOl' NUMBER: 8 
TILl:..PJGE PRACI'ICE : NCN-RIPPED {CONrRCL) 
Ilt\TE FIELD mTA I GREEN-AMP!' I CYl'HER RESULTS 
I PARAMETERS I 
I I 
p {IIIIl) R (nm) I K (nrcv'hr) SM {mm) I TP {hr) TS { hr)  FF {nm) 
*6/27/83 23 .9 0 .0 30 .3 20 .9 o :41 0 .26 23 .9 
7/1]/83 23 . 4 0 . 4  21 . 8 24 . 6  0 . 28 0 .16 23 .2  
7/15/83 22 .4  6 . 3  6 .4  45 .4 0 .11 0 .06 16 .1 
7/19/83 23 . 4  4 . 9  10 .1  36 . 1  0 .14 0 . 08 18 . 5  
7/21/83 27 .2  7 . 6 11 .1 34 .5 0 .11 0 .06 19 . 6  
7/25/83 23 . 9  7 . 5 6 .6 44 . 6  0 .10 0 . 05  16 . 4  
8/ 2/83 22 .6  6 .7 6 .1 46 .5 0 .11 0 .06 15.9  
8/ 4/83 26 . 9  10 . 5  6 .3 45 . 6  0 .08  0 .0 4  16 . 5  
8/ 9/83 22 .6  7 .2 5.4  49 . 3  0 .10 0 .05  15 . 4  
8/1]/83 22 . 9  10 . 2  2 .6 70 . 3  0 . 06 0 . 03 12 .7 
8/15/83 23 .1 13 .8 0 .8 127 .o  0 .03 0 .02 9 . 4  
8/18/83 23 .1 13 . 9  0 . 8 130 . 3  0 . 03 0 .02 9 . 3 
TILLAGE PRACI'ICE-: RIPPED 
6/27/83 23 . 9  0 . 0  30 .3 20 . 9  0 . 41 0 . 26 23 . 9  
7/11/83 23 .4  o .o 29 .0 21 .4 0 .41 0 .25 23 . 4  
7/15/83 22 . 4  0 . 0 21 .8  24 . 6  0 . 32 0 . 18 22 .3 
7/19/83 23 . 4  o .o 29 .0 21 . 4  0 .41 0 .25 23 . 4  
7/2]/83 27 . 2  0 . 0  38 .7 18 . 5  0 . 42 0 . 27 27 . 2  
7/25/83 23 .9 0 .4 21 .8 24.6 0 .26 0 .1 5  23 .5  
8/ 2/83 22 . 6  0 . 3 21 .8  24 . 6  0 .31 0 .18 22 . 6  
8/ 4/83 26 . 9  0 .5 31 .8 20 .4  0 .31 0 .19  26 . 4  
8/ 9/83 22 .6 0 . 3 21 . 8 24 . 6  0 .31 0 .18  22 . 6  
8/11/83 23 . 4 0 .9 21 .6  24 .8 0 .28 0 .16 22 .5 
8/15/83 23 . 1  7 . 7 5 .4 49 . 3  0 .10 0 .0 5  15 . 4  
8/18/83 23 .1 1 .a ·  17 . 6  2:1 . 4 0 .23 0 .13 21 . 4  
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SPRINKLER TYPE : IMPACT 17 2 (KPa) 
TIME OF APPLICATION (TA) : 0 .417 ( HR) 
RAIN GN3E: WEOOE 
PLOl' NUMBER: 10 
�TILLAGE PRAcriCE : NCN-RIPPED (CONI'RCL) 
MTE FIELD Ilf\TA I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K (JmV'hr) SM (nm) I TP (hr)  TS (hr)  FF (nm) 
6/27/83 23 .9 0 .0 30 . 3  20 .9 0 . 41 0 .26 23 .9 
7/11/83 23 . 4  0 . 0  29 . 0  21 . 4  0 . 41 0 . 25 23 . 4  
7/15/83 22 .4 1 . 4 17 . 3  27 .6 0 .25 0 .14 21 .0  
7/19/83 23 . 4  1 . 1 20 . 4 25 . 4  0 . 26 0 .15 22 .3  
7/21/83 27 .2 3 .4 20 .9  25 .1  0 .18 0 .10 23 .8  
7/25/83 23 .9 1 . 0 21 . 8 24 . 6  0 . 26 0 .15  . 23 . 5  
8/ 2/83 22 .6  0 .5 21 .8 24.6 0 . 31 0 .18 22 . 6  
8/ 4/83 26 . 9  1 . 8  21·. 8  24 . 6  0 .19 0 .11 25 . 2  
8/ 9/83 22 .6 0 .5 21 .8 24.6 0 . 31 0 .18 22 . 6  
8/11/83 22 . 9  1 .7 17 .3 27 . 6  0 . 23 0 .13 21 . 2  
8/15/83 23 .1  2 .2 16 .1 28 .7 0 .21 0 .12 20 .9  
8/18/83 23 .1 3 . 6  12 . 4  32 .6  0 . 17 0 .09  19 . 5  
T ILlAGE  PRAcriCE: RIPPED 
6/27/83 23 . 9  0 . 0  30 .3  20 . 9  0 . 41 0 . 26 23 . 9  
7/11/83 23 . 4  o .o 29 .0  21 .4 0 . 41 0 . 25 23 .4  
7/15/83 22 . 4  2 . 2  14 .8  29 .9  0 . 21 0 .12 20 . 2  
7/19/83 23 . 4  0 .4 21 .8 24.6  0 .28 0 .16 23 .2  
7/21/83 27 . 2  1 . 1 29 .2  21 .3  0 . 26 0 .16 26 .1 
7/25/83 23 .9 2 .1 18 .1 27 .o  0 . 22 0 .12 21 .8  
8/ 2/83 22 . 6  0 . 8 20 .0  25 .7 0 .28 0 . 16 21 . 8  
8/ 4/83 26 .9 1 .0 29 .2  21 .3 0 .27 0 .16 26 .0  
8/ 9/83 22 .6 1 . 6  17 . 0  27 . 8 0 .24 0 . 13 21 . 0  
8/11/83 22 .9 1 .3 18 .6  26 .7 0 .25 0 .14 21 .5 
8/15/83 23 .1  1 . 5  18 . 2  26 . 9  0 .24 0 .13· 21 . 6  
8/18/83 23 .1 2 .3 15 .8 28 .9 0 .21 0 .12 20 .8  
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SP.EUNI<LER TYPE : IMPACI' 172 (KPa) 
TIME OF APPLICATION {TA) : 0 .  417 { HR) 
RAIN �E: WEOOE . 
PLOI' NUMBER: 12 
T�E PRACI'ICE : Nm-RIPPED {CONI'RCL) 
DM'E FIELD mTA I GREEN-AMPr I OI'HER RESULTS 
I PARAMETERS I 
I I 
P {nm) R (nm) I K (ImV'hr) SM (nm) I TP { hr )  TS { hr )  FF (nm) 
6/27/83 1 23 .9  0 .0 29.3  21 .3  0 .39 0 . 24  23 .8  
7/11/83 1  23 . 4  0 . 0  29 . 0  21 . 4  0 . 41 0 .2 5  23 . 4  
7/15/83 1 22 . 4  0 .3 21 .8  24.6  0 .3 2  0 .18  22 .3 
7/19/83 1 23 . 4  0 . 3 21 . 8  24 . 6  0 .28 0 .16 23 . 2  
7/21/83 1 27 .2  1 .2 28 .8 21 .5 0 .26 0 .16 26 .0 
7/25/83 ' 23 . 9  0 . 7 21 . 8 24 . 6  0 . 26- 0 .1 5  23 . 5  
8/ 2/83 ' 22 .6 0 .3 21 .8 24.6 0 .31 0 .1 8  22 .6 
8/ 4/83 1 26 . 9  1 . 2  28 . 2  21 .7 0 . 26 0 .1 5  25 . 8  
8/ 9/83 1 22 .6 0 .3 21 .8 24.6 0 .31 0 .1 8  22 .6  
8/11/83 1 22 .9  1 . 9 16 .5  28 . 3  0 .22 0 .12 21 . 0  
8/15/83 1 22 .9 2 .1 16 .0 28 .7 0 .22 0 .1 2  20 .8 
*8/18/83 1 23 .1 3 . 6 12 .6 32 . 4  0 . 17 0 . 09  19 .6  
TILLAGE PRACI'ICE: RIPPED 
6/27/83 23 . 9  o . o  29 .3 21 . 3  0 .39 0 . 24  23 . 8  
7/11/83 23 .4  0 � 0 29 .0 21 .4 0 .41 0 .25 23 .4  
7/15/83 22 . 4  1 . 2 17 .8  27 . 2  0 .25 0 . 14 21-.1  
7/19/83 23 . 4  1 .8 17 .8 27 .2 0 .23 0 . 13 21 .5 
7/21/83 27 . 2  1 . 3 28 .2  21 � 7 0 .25 0 . 15  25 . 9  
7/25/83 23 .9 1 .5 19 .9 25.8  0 .24 0 .14  22 .4 
8/ 2/83 22 .6  0 . 5 21 . 6  24 .7  0 .30 0 .18  22 .1  
8/ 4/83 26 .9 1 .7 26 .1 22 .5 0 .24 0 .14  25 .3 
8/ 9/83 22 .6 0 .3 21 . 8  24 . 6  0 . 31 0 .18  22 . 6  
8/11/83 22 .9 1 .3 18 .7 26 . 6  0 .25 0 .14 21 .6  
8/15/83 22 . 9  1 . 4  18 .4  26 . 8  0 .25 0 .1 4  21 . 5  
8/18/83 23 .1  1 .4 18 .6  26 .7 0 .24 0 .14  21 .7 
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SPRINKLER TYPE : IMPACI' 344 (KPa) 
TIME OF APPLICATION (TA) : 0 .  716 ( HR) 
RAIN GH;E : WEOOE 
PLOl' NUMBER: 2 
TILLAGE PRAcriCE : NCN-RIPPED (CCNI'RCL) 
DATE FIELD DATA I GREEl'r-AMPI' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm} I K (nnVhr) SM (nm) I TP (hr) TS ( hr )  FF (nm) 
6/27/83 18 .3  0 .0 I 7 . 4  42 .3 0 .67 0 .37 18 .3  
7/1]/83 16 . 0  0 . 0 I 5 .1 50 .8 0 . 67 0 . 36 16 . 0  
7/14/83 15 .7 0 .1 I 4.4  54 .3 0 .63 0 .34  15 .7  
7/19/83 16 .3  0 . 2  I 4 .6 53 . 4  0 .60 0 .3 2  16 . 1  
7/21/83 18 .3  0 .7 I 5.2 50 .4 0 .50 0 .27 17 . 6  
7/25/83 17 . 5  0 . 6 I 4 . 6  53 . 1  0 . 51 0 . 27 16 . 9  
7/26/83 20 .3 0 . 4 I 7.8  41 .1 0 .55 0 .30  19 .9 
8/ 2/83 21 .6 0 . 5 I 9 . 0  38 . 3  0 . 54 0 . 30 21 .1  
8/ 4/83 20 .8 0 .7 I 7 .5 41 .9 0 .50 0 . 27 20 .1 
a; · 9/83 19 .3 0 . 1 I 7 . 9  40 .7 0 .63 0 . 35 19 . 2  
8/11/83 20 .6 0 .1 J 9. 2 37 .8 0 .62 0 .35 20 .5  
8/15/83 19 .6 0 . 3 I 7 . 4 42 .1  0 . 57 0 . 32 19 . 3  
8/18/83 19 .6  0 .6 I 6.4  45 .1 0 .51 0 .28 18.9  
TILLAGE PRACriCE : RIPPED 
*6/27/83 18 .3  0 .2 6 .5 45 .0 0 .60 0 .33 18 .1 
*7/1]/83 16 . 0  0 . 0 5 .1 50 .8  0 . 67 0 .36 16 . 0  
7/14/83 15 .7 0 .1 4 .7 52 .9 0 .65 0 .35  15 .7 
7/19/83 16 .3  0 . 1 4 . 9  51 .8  0 .63 0 .34  16 . 2  
7/21/83 18 .3  0 .3 6 .2 46 .0 0 .58 0 .32  18.0  
7/25/83 17 . 5  0 . 2 5 .6 48 . 2  0 .59 0 .3 2  17 .3 
7/26/83 20 .3  0 .6 7 .3  42 .4 0 .52 0 .29 19 .7 
8/ 2/83 21 .6 0 . 3 9 . 6 37 . o  0 .58 0 . 32 21 . 3  
8/ 4/83 20 .8 0 .2 9.1 38 .1 0 .59 0 .33 20 .6  
8/ 9/83 19 .3 0 . 0 9 . 0 38 . 2  0 .71 0 . 40 19 . 3  
8/1]/83 20 .6 0 .5 7 .9 40 .7 0 .54 0 . 30 20 .1 
8/15/83 18 . 0  0 . 5  5 . 4 49 .3  0 . 53 0 . 29 17 . 6  
8/18/83 19 . 6  0 .8 6 .1 46 .3  0 .49 0 .27 18 .8  
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SPRINKLER TYPE: IMPAcr 344 (KPa) 
TIME OF APPLICATION (TA) : 0 .  716 ( HR) 
RAIN �E: WEOOE 
PLDr NUMBER: 4 
T!LLPJGE PIW!TICE : NCN-RIPPED (CONTRCL) 
DATE FIELD IlM'A I GREEN-AMP!' I OTHER RE&JLTS 
I PARAMETERS I 
I I 
P (nm) R (um) I K (my'hr) SM (mn) I TP (hr) TS ( hr )  FF (nm) 
*6/27/83 18 . 3  0 .0 7 . 8 40 .9 0 .71 0 . 40 18 .3  
*7/11/83 16 . 0  0 . 3 4 .2  56 . 1  0 . 57 0 .31 15 . 8  
*7/14/83 15.7 0 . 3 4.0 57 .5 0 .57 0 .31 15 .5 
7/19/83 16 .3  0 . 5  3 . 8  58 .7  0 .52 0 .28 15 . 8  
*7/21/83 18 .3  0 . 6 5.2 50 .0 0 .51 0 .27 17 .7  
*7/25/83 17 . 5  0 . 5  4 . 8  52 . 0  0 .52 0 . 28 17 . 0  
*7/26/83 20 .3  0 .5 7 .5 41 .8 0 .53 0 .29 19 . 8  
*8/ 2/83 21 . 6  2 . 0  6 .0 46 . 9  0 .38 0 . 21 19 .6  
*8/ 4/83 20 .8  1 .0 6 .9 43 .7 0 . 47 0 .25 19 .8  
*8/ 9/83 19 .3  0 . 5 6 .6 44 .7 0 . 53 0 . 29 18 .8  
*8/11/83 20 . 6  0 .5 7 .8 41 .1 0 .53 0 .29  20 .1 
*8/15/83 19 .6  0 . 8 6 .2 46 . 2  0 . 49 0 . 27 18 . 8  
*8/18/83 19 . 6  0 .5 6 .8 44 .1  0 .53 0 .29  19 . 1  
'r!LIJ\GE PRACI'ICE : RIPPED 
6/27/83 18 .3  0 .0 7 .4 42 .3 0 .67 0 .37 18 . 3  
7/1J/83 16 . 0  0 . 0  5 .1 50 . 8  0 .67 0 . 36 16 . 0  
7/14/83 15.7 0 .0 4.8 52 .0 0 .67 0 .36 15 .7 
7/19/83 16 . 3  0 . 0  5 .3  49 . 6  0 . 67 0 . 36 16 . 2  
7/21/83 18. 3  0 .1 7 .0 43 .4 0 .64 0 .35 18 .2  
7/25/83 17 . 5  0 . 2 5 .7 47 . 9  0 . 60 0 . 33 17 .3  
7/26/83 20 .3  3 .9 3 .0 66 .0 0 .28 0 .14 16.5 
8/ 2/83 21 . 6  0 . 4  9 . 4 37 . 5  0 . 56  0 .31 . 21 . 2  8/ 4/83 20 .8  0 .5 8 .1 40 .2 0 .54 0 .30 20 .3  
8/ 9/83 19 .3 2 . 0  4 .1 56 . 6  0 .38 0 . 20 17 . 3  
8/11/83 20 .6  0 .2 8.9  38. 4  0 .60  0 .34 20 .4  
8/15/83 19 .6  0 . 0  8 .8 38 . 8  0 .67 0 .38 19 . 5  
8/18/83 19 .6  0 .3 7 .2 42 .6  0 .56 0 . 31 19 . 2  
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SPRINKLER TYPE: IMPACI' .344 (KPa) 
TIME OF APPLICATION (TA) : 0 .  716 ( HR) 
RAIN GN;E : WEOOE 
PLOr NUMBER: 6 
TILLAGE PRACTICE : NGJ-RIPPED (CONI'RCL) 
�TE FIELD � I GREEN-AMP!' I 01'HER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K (lliiV'hr) SM (nm) I TP ( hr) TS ( hr)  FF (nm) 
6/27/83 18 .3  0 .1 7 .1 43 .0 0 .65 0 .36 18 . 2  
7/1]/83 16 . 0  0 . 2  4 . 2  55 . 6  0 .58 0 .31 15 . 8  
7/14/83 15 .7 0 .2 4.0  57 .2 0 .58 0 .31 15.5 
7/19/83 16 .3  0 . 2 4 . 4  54 .3  0 .58 0 . 31 16 . 0  
7/21/83 18 . 3  0 .7 5 .1 50 .6 0 .50 0 .27 17 . 6  
7/25/83 17 . 5  0 . 2  5 .6 48 . 6  0 . 58 0 . 32  17 . 3  
7/26/83 20 .3 1 . 5 5.6  48. 6  0 .42 0 .22 1 8 . 8  
8/ 2/83 21 .6 1 . 4  7 .0 43 . 4  0 . 43 0 .2 4  20 .2  
8/ 4/83 20 .8 0 .8 7 .4  42 .3 0 . 49 0 .27 20 .0 
8/ 9/83 19 .3  . 0 . 5 6 .6 44 .7  0 . 53 0 .2 9  18 . 8  
8/11/83 20 .6 0 .5 7 .9 40 .7 0 .54 0 .30  20 .1 
8/15/83 19 .6 0 . 5  6 . 8  43 . 9  0 . 53 0 .29 19 . 1  
8/18/83 19 . 6  0 .5 6 .8  44 .1 0 .53 0 .29  19 .1 
TILLAGE PRACI'ICE: RIPPED 
6/27/83 18 . 3  o .o 7 .8 40 .9 0 .71 0 . 40 1 8 . 3  
7/1]/83 16 . 0  0 . 0  5 .1 50 . 8  0 .67 0 . 36 16 . 0  
7/14/83 15 .7 0 .1 4.5 53 .8 0 .63 0 .34  15.7 
7/19/83 16 . 3  0 . 0  5 .3 49 . 6  0 . 67 0 .36 16 . 2  
7/21/83 18 . 3  0 .1 7 .0 43 .4  0 .64 0 .35 · 18 .2 
7/25/83 17 . 5  0 . 3 5 .5  48 . 9  0 . 58 0 . 31 17 . 3  
7/26/83 20 .3 0 .1 9.0 38.1 0 .63 0 .35 20 .2 . 
8/ 2/83 21 .6 0 . 2 10 . 0  36 . 4  0 . 60 0 .34 21 . 4  
8/ 4/83 20 .8 0 . 4 8 .4  39.7 0 .55 0 .31 20 .4 
8/ 9/83 19 .3  0 . 1 7 . 8 41 . 2  0 . 62 0 . 34 19 . 2  
8/11/83 20 .6  0 .3 8 .4  39 .6  0 .57 0 .32 20 . 3  
8/15/83 19 .6 0 . 2 7 .6 41 . 6  0 .59 0 .33 19 . 3  




Green-Ampt inf iltration parameters , appl ication 
depth and surface runoff 
� APPENQIX � fQx definition 2L terms 
1 2 1  
SPRINKLER TYPE :  SPRAY 104 (KPa) 
TIME OF APPLICATION (TA) : 0 .250 ( HR) 
RAIN GAGE : WEOOE 
PL01' NUMBER: 5 
TILLAGE PRACI'ICE : N<N-RIPPED (CONI'RCL) 
IlM'E FIELD Df\TA I GREEN-AMP!' I ai'HER RESULTS 
I PARAMm'ERS I 
I I 
P {nm) R {nm) I K (mq/hr) SM (nm) I TP {hr) TS (hr)  FF {nm) 
7/ 5/84 24 .9 0 .0 60 .7 14 .8 0 .23 0 .15  24.9  
7/ 9/84 24 . 9  0 . 6 51 .3 16 .1  0 .17 0 .11 24 . 3  
7/16/84 22 . 6  1 .6 34 .9 19 .5 0 .14  0 .08  21 .0 
7/18/84 24 . 9  4 . 1  30 .2  21 . 0  0 .09  0 . 0 5  20 . 8  
7/19/84 24.9 5 .2 21 .8 24.6 0 .07 0 .04  19 .9  
7/23/84 30 . 5  3 . 3 55 . 2  15 . 5  0 .11 0 . 06 27 . 2  
7/26/84 29 .0 5 .4 39 .0 18 . 5  0 .08  0 . 05 23 . 6  
7/30/84 29 . 0  3 . 9  46 .0  17 . 0  0 .10 0 . 06 25 . 0  
8/ 1/84 28 .7 3 .3 48 .2 16 .6 0 .10  0 .06 25 .4 
8/ 7/84 28 .7 2 . 0  56 .3 15 . 4  0 .13 0 . 08 26 .7 
8/ 9/84 29 . 0  4 .8 41 . 6 17 .9 0 . 0 9  0 .05 24 .1 
8/14/84 29 .0  2 . 6 53 .3 15 .8  0 .12  0 . 07 26 . 4  
8/16/84 26 .2  4 .5 32 .9 20 .1 0 .0 9  0 .05 21 . 6  
TILLAGE PRACTICE: RIPPED 
7/ 5/84 24.9  0 .0 62 .7 14. 6  0 .25 0 .16 24.9 
7/ 9/84 24 . 9  0 . 0 62 .7 14 . 6  0 .2 5  0 . 16 24 .9 
7/16/84 22 .6  0 .0 53 .1 15.8 0 .25 0 .16 22 . 6  
7/18/84 24 . 9  0 . 0 62 .7 14 .6  0 .2 5  0 .16 24 . 9  
7/19/84 24.9  o .o 62 .7 14 .6 0 .25 0 . 16 24. 9  
7/23/84 30 . 5  0 .1 82 .7 12 .7 0 .22 0 .15 30 . 4  
7/26/84 29 .0 0 .3 72 .7 13 .5 0 .20 0 .13 28 .7 
7/30/84 29 . 0  0 . 2 73 .6 13 . 5  0 . 20 0 .13 28 . 8  
8/ 1/84 28 .7 0 .4 69 .9 13 .8 0 .19 0 .12 28. 3  
8/ 7/84 28 .7 0 . 1 73 . 9  13 .4 0 . 21 0 .1 4  28 .6  
8/ 9/84 29 .0  0 .5 70 .0 13 .8 0 .18 0 .12 28.5  
8/14/84 29 . 0  0 . 3 72 . 0  13 . 6  0 .19  0 .13 28 . 6  
8/16/84 26 .2 0 .2 61 .8  14.7 0 .20 0 .13 26 .0  
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SPRINKLER TYPE : SPRAY 104 (KPa) 
TIME OF APPLICATION (TA) : 0 .  250 ( HR) 
RAIN GN;E: WEOOE 
PLOl' NUM3ER: 10 
TILLAGE PRAcriCE : NCN-RIPPED (CONrR<L) 
I}M1E FIELD MTA I GRE:m-AMPI' I OTHER REStJLTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K (mry'hr) SM (nm) I TP (hr) TS ( hr )  FF (nm) 
7/ 5/84 24.9 0 . 1 59.1  15 .0 0 .22 0 .14 24 .8  
7/ 9/84 24 .9  0 . 3 54 .7 15 . 6  0 . 19 0 . 12 24 . 6  
7/16/84 22 .6 0 . 5 43 .2  17 .5 0 .18 0 .11 22. 1  
7/18/84 24 . 9  4 . 0  30 . 8  20 .7 0 . 09  0 . 0 5  20 . 9  
7/19/84 24 .9 4 .5 28 .8  21 .5 ·o . o 9  0 . 05  20 .4  
7/23/84 30 . 5  3 . 6 53 . 8  15 .7  0 .10 0 . 06 26 . 9  
7/26/84 29 .0  4 .5 43 .2 17 .5  0 .0 9  0 .0 5  2 4.5  
7/30/84 29 . 0  1 . 5  60 .6  14 .8  0 .14  0 . 0 9  27 .5  
8/ 2/84 28 .7 3 .5 47 .3 16.8 0 .10 0 .06 25 .2 
8/ 7/84 28 .7 2 . 1  55 .3  15 . 5  0 .13 0 . 0 8  26 . 6  
8/ 9/84 29. 0  5 .7 37 .5 18.8 0 .08  0 .0 4  23 .2  
8/14/84 29 .0  1 . 4  61 . 3  14 .7  0 .14 0 . 0 9  27 . 6  
8/16/84 26 .2 3 . 8  36 .4 19 .1 0 .10  0 . 06 22 .4 
TILLAGE PRAcriCE : RIPPED 
7/ 5/84 1 24 .9  o .o 62 .7 14 .6  0 .25 0 .16 24.9 
7/ 9/84 1  24 . 9  0 . 0  62 .7 14 . 6  0 .25  0 .16 24 . 9  
7/16/84 1 22 .6 0 .0 53 .1 15.8 0 .25 0 .16  22 .6 
7/18/84 1 24 .9  0 . 1 59 . 8  14 .9  ·o . 23 0 .15  24 . 8  
7/19/84 1 24.9 o .o 60 .7 14.8 0 .23 0 .1 5  24 .9 
7/23/84 1 30 . 5  0 . 0 86 .5  12 . 4  0 .25  0 . 17 30 . 5  
7/26/84 1 29 .0  0 .1 76.9  13 .2 0 .22 0 .15  28 .9 
7/30/84 1 29 . 0  0 . 0 80 . 0 12 . 9  0 .2 5  0 . 17 29 . 0  
8/ 2/84 1 28 .7  0 .0 78 .9  13 .0  0 .25 0 .17 28 .7 
8/ 7/84 1 28 .7 0 . 0 78 .9  13 . 0  0 .25 0 . 17 28 .7 
8/ 9/84 1 29 .0 0 .0 80 .0 12.9 0 .25 0 .17 29 .0  
8/14/84 1  29 . 0  0 . 0 80 . 0  12 . 9  0 .25 0 . 17 29 . 0  
8/16/84 1 26 .2 0 .1 65 .1 14.3  0 .23 0 .1 5  26 .1  
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SPRINKLER TYPE: SPRAY 104 (KPa) 
TIME OF APPLICATION (TA) : 0 .250 (HR) 
- RAIN GAGE: WEOOE 
RDr NUMBER: 11 
Tn.IJ'GE PRACI'ICE : NCN-RIPPED (CONTRCL) 
DATE FIELD MTA I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
- I  I 
P (nm) R (nm) I K (ImV'hr) SM (mm) I TP (hr) TS ( hr )  FF (nm) 
7/ 5/84 24 .9 0 .3 55.0  15 .5 0 .19 0 .12 24.6 
7/ 9/84 24 .9  1 . 5  44 .6  17 . 3  0 .14 0 . 08 23 . 4  
7/16/84 22 .6 1 .2 37 .9 18 .7 0 .15  0 .09 21 .4 
7/18/84 24 . 9  3 . 0 35 . 5  19 . 3  0 .11 0 . 06 21 . 9  
7/19/84 24 .9 7 .4 18. 0  27 .1 0 .06 0 .03 17 .5  
7/23/84 30 . 5  11 . 9  19 . 8  25 . 9  0 . 04  0 .0 2  18 . 6  
7/26/84 29. 0  11 .3 17 .4 27 .5 0 .0 4  0 .02  17 .7  
7/30/84 29 . 0  3 . 4 48 .6  16 . 5  0 .10 0 . 06 25 . 5  
8/ 2/84 28 .7 9 .3 21 .8 24.6 0 .0 5  0 .03 20 .5  
8/ 7/84 28 .7 4 . 0 44 . 4  17 . 3  0 .10 0 . 06 24 . 7  
8/ 9/84 29 .0  6 .7 33 .6  19 .9 0 .07 0 .0 4  22 .3  
8/14/84 29 . 0  4 . 3 44 . 2  17 .3  0 . 0 9  0 . 05  24 .7  
8/16/84 26 .2  5 .6 28.5  21 .6 0 .0 8  0 .0 4  20 . 6  
TILLAGE PRACI'ICE: RIPPED 
7/ 5/84 24.9 o .o 62 .7 14 .6 0 .25 0 .16 24 .9  
7/ 9/84 24 . 9  0 . 0  62 .7 14 . 6  0 .2 5  0 . 16 24 . 9  
7/16/84 22 .6 0 .0 53 .1 15 .8 0 .25 0 .16 22 .6  
7/18/84 24 . 9  o . o 62 .7 14 . 6  0 .25  0 . 16 24 . 9  
7/19/84 24 .9  o .o 62.7 14 .6  0 .25 0 .16 24.9  
7/23/84 30 . 5  0 . 0 86 . 5  12 . 4  0 .25 0 . 17 30 . 5  
7/26/84 29 .0 0 .0 77 .9  13 .1 0 .23 0 .16 28 . 9  
7/30/84 29 . 0  0 . 0 80 . 0  12 . 9  0 .25 0 . 17 29 . 0  
8/ 2/84 28 .7 0 .1 75 .1 13 .3 0 .22 0 .15  28 .6  
8/ 7/84 28 .7 0 . 1 75 . 8  13 . 3  0 . 22 0 .15  28 .7 
8/ 9/84 29 .0 0 .2 73 .6  13 .5 0 .20 0 .13 28 . 8  
8/14/84 29 . 0  0 . 3 72 .3  13 . 6  0 .19 0 .13 28 .7 
8/16/84 26 .2  o .o 68 .1 14.0  0 .25 .0 .17 26 .2 
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SPRINKLER TYPE: IMPACT 172 (KPa) 
TIME OF APPLICATION (TA) : 0 .  417 ( HR) 
RAIN GAGE : WEOOE 
PLOl' NUMBER: 1 
TILLAGE PRACI'ICE: NCN-RIPPED (CONI'RCL) 
MTE FIELD mTA I �AMP!' I amER RESULTS 
I p  I 
I I 
P (nm) R (nm) I K (mtVhr) SM (nm) I TP (hr) TS ( hr) FF (nm) 
7/ 5/84 23 .9 0 .0 30 .3 20 .9 0 .41 0 .26 23 .9 
7/ 9/84 26 . 9  0 . 0  38 .1  18 . 7  0 .42 0 . 27 26 .9  
7/16/84 23 . 6 0 .0 29 .6 21 .1 0 .41 0 .25 23 . 6  
7/18/84 23 . 9  0 . 0 29 .3 21 . 3  0 .39 0 . 24  23 . 8  
7/19/84 23 .9  2 .1 17 .9 27 .2  0 .22 0 .12  21 .8  
7/23/84 30 . 5  1 . 7  34 .0  19 .7 0 . 24 0 .1 4  28 .8  
7/26/84 29. 5  4 .2 21 . 8 24.6  0 .16 0 .09 26 .1 
7/30/84 29 . 5  1 . 0  35 .2  19 . 4  0 . 27 0 . 17 28 . 5  
8/ 2/84 29. 2  3 .0 26 .5  .. 22 .3 0 .19  0 .11 26 .2  
8/ 7/84 29 . 2  1 .7 31 . 2  20 . 6  0 .24 0 .1 4  27 . 5  
8/ 9/84 29 . 5  2 .9 27 .3 22 .0 0 . 20 0 .11 26 . 6  
8/14/84 29 . 5  0 . 1 42 .1  17 .8  0 .37 0 . 2 4  29 . 4  
8/16/84 25 .9  1 .9 21 .8 24.6 0 .21 0 .12  24.7 
TILLAGE PRACI'ICE: RIPPED 
7/ 5/84 23 .9  o .o 30 .3 20 .9  0 .41 0 .26 23 . 9  
7/ 9/84 26 . 9  0 . 0 38 .1  18 .7 0 . 42 0 . 27 26 .9 
7/16/84 23 . 6  o .o 29 .6 21 .1 0 .41 0 .25 23 . 6  
7/18/84 23 . 9  0 . 0  30 .3 20 .9  0 . 41 0 . 26 23 . 9  
7/19/84 23 .9  o .o 30 .3 20 .9 0 .41 0 .26 23 . 9  
7/23/84 30 . 5  0 . 0  47 .1  16 .8  0 . 42 0 . 28 30 . 5  
7/26/84 29 .5 0 .0 44 .5 17 .3 0 . 42 · o .27 29. 5  
7/30/84 29 . 5  0 . 0 44 . 5  17 .3  0 . 42 0 . 27 29 . 5  
8/ 2/84 29 .2 0 .0 43 . 8  17 .4 0 .42 0 .27 29. 2  
8/ 7/84 29 . 5  0 . 1 42 . 1  17 .8  0 .37 0 .2 4  29 . 4  
8/ 9/84 29 .5 0 .5 37 .8  18 .7 0 .30 0 .19 28.9  
8/14/84 29 . 2  0 . 1  41 . 1  18 . 0  0 . 36 0 . 23 29 . 1  
8/16/84 29 .2  0 .2 39 .8  18 .3 0 .34 0 .22 29.0  
125 
SPRINKLER TYPE: IMPACl' 112· (KPa) 
TIME OF APPLICATION (TA) : 0 .  417 ( HR) 
RAIN Gl'1;E: WEOOE 
PLOI' NUMBER: 8 
TILI.AGE PRACl'ICE: NCN-RIPPED (CONI'RCL) 
DA.TE FIELD MTA I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm} I K (nuVhr) SM (nm} I TP (hr )  TS ( hr }  FF (nm) 
7/ 5/84 23 .9  0 .0 30 .3  20 .9 0 .41 0 .26 23 . 9  
7/ 9/84 26 . 9  o . o 38 .1 18 .7 0 . 42 0 . 27 26 .9 
7/16/84 23 . 6  0 .0 29 .6 21 .1 0 . 41 0 .25 23 . 6  
7/18/84 23 .9  2 . 0 18 .3 26 . 9  0 . 22 0 .12 21 . 9  
7/19/84 23 .9  2 .1 17 .9 27 .2 0 .22 0 .12  21 .8  
7/23/84 30 . 5  1 . 5  35 . 1  19 . 4  0 .25  O .l.5 29 . 0  
7/26/84 29 .5  4 . 4  21 .8 24 .6  0 .16 0 .09  26 .1 
7/30/84 29 . 5  1 . 5  32 .7 20 .1  0 .25  0 .15  28 . 0  
8/ 2/84 29 .2  3 .2 21 .8 24.6 0 .16 0 .09  26 .1  
8/ 7/84 29 . 2  1 . 3 33 . 0  20 . 1  0 .25  0 .15  27 . 9  
8/ 9/84 29 .5  3 . 9 21 .8 24.6 0 .16 0 .0 9  26 .1 
8/14/84 29 . 5  2 . 0  30 . 4  20 . 9  0 .22 0 .13 27 . 4  
8/16/84 25 .9 4 .2 16 .1 28 .7 0 .16 0 .0 9  21 .7  
TILLAGE PRACl'ICE : RIPPED 
7/ 5/84 23 . 9  0 .0 30 .3  20 .9 I 0 . 41 0 .26 23 . 9  
7/ 9/84 26 . 9  0 . 0 38 .1  18 .7 I 0 . 42 0 . 27 26 .9 
7/16/84 23 . 6  0 .0 29 .6  21 .1 I 0 . 41 0 .25 23 . 6  
7/18/84 23 . 9  0 . 0  30 .3  20 . 9  I 0 . 41 0 . 26 23 . 9  
7/19/84 23 .9 0 . 0 30 .3 20 .9 I 0 . 41 0 .26 23 .9  
7/23/84 30 . 5  0 . 0 47 .1  16 . 8  I 0 . 42 0 .28 30 . 5  
7/26/84 29 . 5  0 .0 44 .5 17 .3 I 0 . 42 0 .27 29. 5  
7/30/84 29 . 2  0 . 0 43 .8  17 . 4  I 0 . 42 0 . 27 29 .2  
8/ 2/84 29 .2 0 .0 - 43 .8 17 .4 I 0 . 42 0 .27 29 .2  
8/ 7/84 29 . 5  0 . 0 44 .5  17 . 3  I 0 . 42 0 . 27 29 . 5  
8/ 9/84 29 .5  o .o 44 .5 17 .3 I 0 .42 0 .27 29 .5  
8/14/84 29 . 2  0 . 0  43 .8  17 . 4  I 0 . 42 0 . 27 29 . 2  
8/16/84 29 . 2  o .o 43 .8  . 17 .4 I 0.42 0 .27 29. 2  
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SPRINKLER TYPE : IMPACT 17 2 (KPa) 
TIME OF APPLICATION (TA) : 0 .  417 ( HR) 
:RAIN �E: WEOOE 
PLOI' NUMBER: 12 
TILLAGE PRACTICE : NCN-RIPPED (CONTRCL) 
MTE FIELD DM'A I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K (rmv'hr) SM (nm) I TP ( hr) TS ( hr) FF (nm) 
7/ 5/84 23 .9 o .o 30 . 3  20 .9 0 . 41 0 .26 23 .9  
7/ 9/84 26 . 9  0 . 0 38 . 1  18 .7 0 . 42 0 . 27 26 . 9  
7/16/84 23 . 6  0 .0 29 .6 21 .1 0 . 41 0 .25 23 . 6  
7/18/84 23 . 9  0 . 4 21 .8  24 . 6  0 . 26 0 .15  23 . 5  
7/19/84 23 .9 2 .7 16 .2 28.5 0 .20 0 .11 21 .2  
7/23/84 30 . 5  5 . 3  21 .8  24 . 6  0 .14  0 .08  26 . 4  
7/26/84 29 .5 5 .5 19 .9 25 .8 0 .1 4  0 .08  24.0  
7/30/84 29 . 5  2 . 4  28 .9  21 . 4  0 . 21 0 .12 27. 0  
8/ 2/84 29 . 2  4 .3 21 .8 24.6 0 .16 0 .09 26. 1  
8/ 7/84 29 . 2  1 . 2  33 .6 19 . 9  0 . 26 0 . 16 28 . 0  
8/ 9/84 29 . 5  8 � 7  12 .9 32 .0 0 .10 0 .05 20 . 8  
8/14/84 29 . 5  4 . 3  21 . 8 24 . 6  0 . 16 0 . 09  26 .1  
8/16/84 25 . 9  10 .1 5.6  48. 6  0 .0 8  0 . 0 4  15.8  
TILI.AGE PRACTICE: RIPPED 
7/ 5/84 23 .9 0 .0 30 .3 20 .9 0 .41 0 .26 23 .9  
7/ 9/84 26 . 9  o . o 38 . 1  18 .7  0 . 42 0 . 27 26 .9 
7/16/84 23 .6  o .o 29 . 6  21 .1 0 .41 0 .25 23 .6  
7/18/84 23 . 9  0 . 0  30 .3 20 . 9 0 . 41 0 . 26 23 . 9  
7/19/84 23 .9  0 .0 30 .3 20 .9 0 .41 0 .26 23 .9 
7/23/84 30 . 5  o . o 47 .1  16 .8 0 . 42 0 .28 30 . 5  
7/26/84 29. 5  0 .0 44 .5 17 .3 0 .42 0 .27 29.5  
7/30/84 29 . 2  0 . 0  43 .8  17 . 4  0 . 42 0 . 27 29 .2 
8/ 2/84 29. 2  o .o 43 .8  17 .4 0 .42 0 .27 29. 2  
8/ 7/84 29 . 5  0 . 0 44 . 5  17 . 3  0 . 42 0 . 27 29 . 5  
8/ 9/84 29 . 5  0 . 0 44 .5 17 .3 0 . 42 0 . 27 29 .5 
8/14/84 29 . 2  0 . 0 42 . 5  17 .7 0 .39 0 . 25  29 . 2  
8/16/84 29. 2  o .o 43 .8 17 . 4  0 . 42 0 .27 29.2  
SPRINKLER TYPE: IMPACI' 344 (KPa} 
TIME OF APPLICATION (TA} : 0 .716 ( HR) 
RAIN GAGE :  WEOOE 
PLOl' NUftBER: 2 
. TILUi;E PRACI'ICE : NC»-RIPPED (CONI'RCL} 
DM'E FIELD rwrA I GREEt+-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm} R (nm) I K (nuv'hr) SM (nm} I TP (hr) TS ( hr j  FF (nm} 
7/ 5/84 1 20 .1 . 0 .0 9.9  36 .5 0 .71 0 . 41 20 .1 
7/ 9/84 1  21 .8 o . o 12 .0  33 .1  0 .71 0 . 41 21 . 8  
7/16/84 1 17 . o  0 .2 5.3  49 .8 0 .60 0 .32  16 .9 
7/18/84 1 19 .3 0 . 3 7 .0 43 .3  0 . 56 0 . 31 19 .0  
7/19/84 1 20 .1 o .o 9 .9 36 .5 0 .71  0 . 41 20 .1 
7/23/84 1  26 . 4  0 .8 13 .8 30 . 9  0 . 50 0 .29  25 . 6  
7/26/84 1 22 .1 3 .5 4 .6  53 .1 0 .30 0 .16 18. 7  
7/30/84 1  22 .1  0 . 7 9 . 0 38 .3 ' 0 . 51 0 .28 21 . 4  
8/ 2/84 1 20 .6 1 .2 6 .4 45 .4 0 . 45 0 .24 19 . 4  
8/ 7/84 1 11 . o  0 . 1  5 .6 48 . 6  0 . 62 0 .34 16 . 9  
8/ 9/84 1 22 .1 0 . 6 9 .1 38.1 0 . 51 0 .29 21 .5  
8/14/84 1 22 .1 0 . 2 10 . 4  35 . 5  0 .59 0 .33 21 . 9  
8/16/84 1 23 . 6 0 .8 10 .4 35.7 0 . 49 0 .28 22 .8 
TILUi;E PR1CI'ICE: RIPPED 
7/ 5/84 20 .1 o .o 9.9  36 .5 0 .7 1  0 .41 20 .1  
7/ 9/84 21 . 8  o . o 12 . 0  33 .1  0 .71 0 . 41 21 . 8  
7/16/84 17 .0  0 .0 6 .5  45 .0 0 .71 0 .39 17 .0 
7/18/84 19 .3 0 . 0  9 . 0 38 .2  0 .71 0 . 40 19 . 3  
7/19/84 20 .1 0 . 0 9 .9 36 .5 0 .71 0 .41 20 .1 
7/23/84 26 . 4  o . o  18 .1 27 .o  0 .70 0 . 43 26 . 4  
7/26/84 22 .1 0 .0 12 .4 32 .7 0 .71 0 .41 22 .1  
7/30/84 22 .1 0 . 0 12 . 4  32 . 7  0 .71 0 . 41 22 . 1  
8/ 2/84 20 .6  o .o 10 .5 35 .4 0 .71 0 .41 . 20 .6  
8/ 7/84 17 . 0  o . o 6 .5 45 . 0  0 .71 0 . 39 17 . 0  
8/ 9/84 22 .1 0 .0 12 .4 32 .7 0 .7 1  0 . 41 22.1  
8/14/84 22 .1 0 . 0 12 . 4  32 .7 0 .71 0 . 41 22 .1  
8/16/84 23 .6  0 .0 14 .3 30 .4 0 .71  0 . 42 23 . 6  
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SPRINKLER TYPE : IMPAC!' 344 (KPa) 
TIME OF APPLICATION (TA) : 0 .  716 ( HR) 
RAIN GAGE: WEOOE 
P.LOr NUMBER: 9 
�E PRAcriCE : NCN-RIPPED (CONI'RCL) 
DATE FIELD Dt\TA I GREEN-AMP!' I OTHER RESULTS 
I PARAMETERS I 
I I 
P (nm) R (nm) I K (JmV'hr) SM (nm) I TP (hr) TS ( hr )  FF (nm) 
7/ 5/84 20 .1 o .o 9 .9 36 .5 I 0 .71 0 .41 20 .1  
7/ 9/84 21 .8  0 . 0  12 . 0  33 . 1  I 0 . 71 0 . 41 21 . 8  
7/16/84 17 .0  0 .0 6 .5 45 .0 I 0 .71 0 .39  17 .0  
7/18/84 19 .3 0 . 0  9 .0 38 . 2  I 0 .71 0 . 40 19 .3 
7/19/84 20 .1 0 .2 8 .2  39 .9 I 0 .59 0 . 33 19 .9 
7/23/84 26 . 4  0 . 0  18 .1 27 . o  I 0 .70 0 . 43 26 .4  
7/26/84 22 .1 0 .0 12.4  32 .7 I 0 .71  0 .41 22. 1  
7/30/84 22 .1  0 . 0 12 . 4  32 .7 I 0 .71 0 . 41 22 . 1  
8/ 2/84 20 .6  0 .0  10 .5 35.4 I 0.71 0 .41 20 .6 
8/ 7/84 17 . 0  0 . 0 6 . 5 45 . 0  I 0 �71 0 . 39 17 . 0  
8/ 9/84 22 .1  0 .0 12 .4 32 .7 I 0 .71 0 . 41 22 .1 
8/14/84 22 .1 0 . 0  12 . 4  32 .7  I 0 .71 0 ._ 41 22 . 1  
8/16/84 23 . 6 o .o 14 .3 30 .4 I 0 .71 0 . 42 23 . 6  
TILLAGE PRACl'ICE : RIPPED 
7/ 5/84 20 .1 0 .0 9.9  36 .5 0 .71 0 .41 20 .1 
7/ 9/84 21 . 8  0 . 0 12 . 0  33 . 1  0 .71 0 . 41 21 . 8  
7/16/84 17 .0 0 . 0 6 .5 45 .0 0 .71 0 .39  17 .0 
7/18/84 19 .3  0 . 0 9 . 0 38 . 2  0 .71 0 . 40 19 .3 
7/19/84 20 .1 0 .0 9.9 36 .5 0 .71 0 .41 20 .1 
7/23/84 26 . 4  1 . 8 11 . 4  34 . 0  0 . 41 0 . 23 24 . 6  
7/26/84 22 .1 0 .0 12 .4 32 .7 0 .71  0 . 41 22 .1  
7/30/84 22 . 1  0 . 0 12 . 4  32 .7 0 .71 0 . 41 22 .1  
8/ 2/84 20 .6  0 .0 10 .5 35 .4 0 .71 0 . 41 20 . 6  
8/ 7/84 17 . 0  0 . 0 6 . 5  45 . 0  0 .71 0 .39  17 . •  0 
8/ 9/84 22.1 0 .0 12 .4 32 .7 0 .71 0 .41 22.1  
8/14/84 22 .1  0 . 0 12 . 4  32 .7 0 .71 0 . 41 22 . 1  
8/16/84 23 . 6  0 . 0  14 .3  30 .4 0 .71 0 .42 23 . 6  
